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(57) Abstract 

Compounds of formula (la) and (lb) wherein A is CH2, or a single bond; R2 is selected from: R, OH, OR, CO2H, CO2R, COH, 
COR, SO2R, CN; R6, R7 and R9 are independently selected from H, R, OH, OR, halo, amino, NHR, nitro, Me3Sn; and Rs is selected from 
H, R, OH, OR, halo, amino, NHR, nitro, MesSn, where R is as defined above, or the compound is a dimer with each monomer being 
the same or different and being of formula (la) or (lb), where the Rs groups of the monomers form together a bridge having the formula 
-X-R -X- linking the monomers, where R' is an alkylene chain containing from 3 to 12 carbon atoms, which chain may be interrupted 
by one or more hetero-atoms and/or aromatic rings and may contain one or more carbon-carbon double or triple bonds, and each X is 
independently selected from O, S, or N; except that in a compound of formula (la) when A is a single bond, then R2 is not CH-CH(CONHj) 
or CH-€H(CONMe2). Other related compounds are also disclosed. 
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The present invention relates to pyrrolobenzodiazepines 
(PBDs) . 

Background to the invention 
5 Some pyrrolobenzodiazepines (PBDs) have the ability to 

recognise and bond to specific sequences of DNA; the preferred 
sequence is PuGPu. The first PBD anti tumour antibiotic, 
anthramycin, was discovered in 1965 (Leimgruber et al., 1965 
J. Am. Chem. Soc, 87, 5793-5795; Leimgruber et al . , 1965 J. 

10 Am. Chem. Soc, 87, 5791-5793). Since then, a number of 
naturally occurring PBDs have been reported, and over 10 
synthetic routes have been developed to a variety of analogues 
(Thurston et al . , 1994 Chem. Rev. 1994, 433-465). Family 
members include abbeymycin (Hochlowski et al . , 1987 J. 

15 Antibiotics, 40, 145-148), chicamycin (Konishi et al., 1984 J. 
Antibiotics, 37, 200-206), DC-81 (Japanese Patent 58-180 487; 
Thurston et al., 1990, Chem. Brit., 26, 767-772; Bose et al., 
1992 Tetrahedron, 48, 751-758), mazethramycin (Kuminoto et 
al., 1980 J . Antibiotics, 33, 665-667), neothramycins A and B 

20 (Takeuchi et al., 1976 J. Antibiotics, 29, 93-96), 

porothramycin (Tsunakawa et al., 1988 J. Antibiotics, 41, 
1366-1373), prothracarcin (Shimizu et al, 1982 J. Antibiotics, 
29, 2492-2503; Lang ley and Thurston, 1987 J. Org. Chem., 52, 
91-97), sibanomicin (DC-102) (Kara et al., 1988 J. Antibiotics, 

25 41, 702-704; Itoh et al., 1988 J. Antibiotics, 41, 1281-1284), 
sibiromycin (Leber et al . , 1988 J. Am. Chem. Soc, 110, 2992- 
2993) and tomamycin (Arima et al., 1972 J. Antibiotics, 25, 
437-444). PBDs are of the general structure: 




They differ in the number, type and position of substituents, 
30 in both their aromatic A rings and pyrrolo C rings, and in the 
degree of saturation of the C ring. In the B-ring there is 
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either an imine (n=C) * „ u- 

Position which is the el jZ h TJ " ^ N1 °- CU 

alkylating DNA. A11 of th * ° "sponsibie for 

^)-con figuration at fche ll^ZZT 1 . Pr ° dUCtS ^ 
then, with . right-handed CUa which p rovides 

i-l shape for i^^J^T** — 

£orm dna ' to a snug fit a y ; ; e h b the ™ 0^ B- 

- -ley ana ^-^ZTZT ^ Y ° rk ' 
230-237). Their 6r ' 1986 **• Cham. «es., 19 , 

^oove, enahles the. ^ 

- as an titumour ^ ™ hence 

A first aspect of the 

formula la or ib: PreSent Mention i s a compound with the 




(la) 



A— R, 




(Ib) 



A-R, 



20 



25 



wherein: 

A iS CH " or a single bond; 

halo, an,ino, nitro> om IJ < *. OH, OR, 

where R is a lower 3 iu i 

— P „ £ . rably : ^ ^ ** « - -» «» 

«•«««. or a„ aryl ™ y £ °™ of « eonjug.t.d 

- - ~: i«L~r r up v — 

°y one or more halo, hydroxy, 
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amino, or nitro groups, and optionally containing one or more 
hetero atoms which may form part of, or be, a functional 
group; or R, and R„ together from a group -0- (CH 2 ) p -0-, where p 
is 1 or 2; 

and R, is selected from H, R, OH, OR, halo, amino, NHR, nitro, 
Me 3 Sn, where R is as defined above, or the compound is a dimer 
with each monomer being the same or different and being of 
formula la or lb, where the R e groups of the monomers form 
together a bridge having the formula -X-R'-x- linking the 
monomers, where R' is an alkylene chain containing from 3 to 
12 carbon atoms, which chain may be interrupted by one or more 
hetero-atoms and/or aromatic rings, e.g. benzene or pyridine, 
and may contain one or more carbon-carbon double or triple 
bonds, and each X is independently selected from 0, S, or N; 
except that in a compound of formula la when A is a single 
bond, then R, is not CH=CH(CONH 2 ) or CH=CH(CONMe 2 ) . 

If A is a single bond then R 2 is bonded directly to the C-ring 
of the PBD. 



If R is an aryl group, and contains a hetero atom, then R is a 
heterocyclic group, if R is an alkyl chain, and contains a 
hetero atom, the hetero atom may be located anywhere in the 
alkyl chain, e.g. -0-C 2 H 5 , -CH 2 -S-CH 3 , or may form part of or be 
a functional group e.g. carbonyl, hydroxy. 

It is preferred that in a compound of formula la when A is a 
single bond, then R, is not CH=CR*R», where R A and R* are 
independently selected from H, R c , C0R c , CONH,, C0NHR c , CONR c 2 , 
cyano or phosphonate, where R c is an unsubstituted alkyl group 
having 1 to 4 carbon atoms. 

R is preferably selected from a lower alkyl group having 1 to 
10 carbon atoms, or an aralkyl group, preferably of up to 12 
carbon atoms, or an aryl group, preferably of up to 12 carbon 
atoms, optionally substituted by one or more halo, hydroxy, 
amino, or nitro groups. It is more preferred that R is 
selected from a lower alkyl group having 1 to 10 carbon atoms 
optionally substituted by one or more halo, hydroxy, amino, or 



(ii) 

10 (iii) 
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nitro groups, it j s n 

»■ W ««, Wy , t / 6 * — alkyl . hM „ a , 

— • .... , hy 7 d r;; ~* > «. «, c„ ten 

" Pr0Pyl ' or t . butyl . 

Alternatively, R „ R? R 

«• »y wtau, be 'i^^T , ehe co " Pomd • T. 

t«r» . e i. ct „ n sink , 

It may be preferred that a • 
*■» Rt. and R„ unl 

Prefers selected fr ^;°^ * a d ime r, h, are 

°*e and 0CH,Ph. Xt J°" ° R ' - -re particularly „ 

°CH,Ph, and that r, ^ ^ ^ °*' «" P^erably 0Me or 
" AiSa sin «le bond, then r. ia 

3 Ph ' or an aIkyl L^ - ^ « -up, eg 

least one double bond which "»* Whi <* contains at 

-th the double bond of the c Z ^ " * C ° Bj ™- 

rin9 ' 63 CH=CH-CH,. 

Compounds of the firat ao 

of formula Xa. ^ ° f °» Mention are preferably 

If the compound of f ormula Ia 

^ bS ° f «- ^ula " ^'V dimer ' «~ 

12 ' more Preferably 3 to 9. (CHl, >-°-< ^ere p is £rom x fc(j 
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A second aspect of the present invention is a compound with 
the formula II: 




wherein: 

R', is selected from: o, CHR",, where R-. is selected from H, R, 
CO,R, COR, CHO, CO.H, halo; 

R.. R, and R, are independently selected from H, R< 0 H, OR, 
halo, amino, NHR, nitro, Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or 
an aralkyl group (i.e. an alkyl group with one or more aryl 
substituents), preferably of up Co 12 carbon atoms, whereof 
the alkyl group optionally contains one or more carbon-carbon 
double or triple bonds, which may form part of a conjugated 
system, or an aryl group, preferably of up to 12 carbon atoms; 
and is optionally substituted by one or more halo, hydroxy 
ammo, or nitro groups, and optionally containing one or more 
hetero atoms which may form part of, or be, a functional 
group; 

and R. is selected from H, R, 0 H, OR, halo, amino, NHR, nitro, 
Me.Sn, where R is as defined above or the compound is a dimer 
with each monomer being the same or different and being of 
formula II, where the R, groups of the monomers form together a 
brxdge having the formula -X-R'-x- linking the monomers, where 
R< as an alkylene chain containing from 3 to 12 carbon atoms, 
which chain may be interrupted by one or more hetero-atoms 
and/or aromatic rings, e.g. benzene or pyridine, and may 
contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from 0, s, or N ; or R, and R. 
together form a group -0- <CH,) p - 0 - , where p is 1 or 2; 
except that: 

<i) when R<, is CH-Et, and R,, r. and R, are H, R, is not 

sibirosamine pyranoside; and 
(ii) when R<, is CH-Me , and R. and R, are H, R, and R. are not 

both H or both OMe, or OMe and OH respectively. 
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at™, a,. h . t „ 0 " 'l** 1 «* contain , 

-w .... ~ „ «. 

• 0 „„p .... e „ b - «- « « „ u 

R is preferably selected f 

" carbon atoms, or „ "» « ^ 1*1 .roup havin 3 a te 
carbon atoms, or an P ' prefe «bl y of 

up to 12 

in 0Ptionally i: :; p b preferawy - * to « carbon 

10 -Ho. or nitro groups " ^ - or more halo . hydroxy( 
Elected from a lower more Preferred that r is 

oPtionaUy substituted by 0 **** 1 t0 10 atoms 

nicro groups . It is ^ J* halo, hy drox y , 

-substituted strait" or 1" ? that « « an 

15 10. pre f erab ly x t / 6 1 ^ ^ ^ 1 to 

— • »eth y i 17 r e » to 4, carbon 

ethyl, n - propyl/ n . bufcyl ^ 

Alternatively r. R d 

«T. R. may preferlbl" be 2* 11111638 ^ " 3 

groups with the folll s ^ from » 

9 roup conjugated fco ^ ^^^^ g ^ 

iS P re ^rabl y 0 , CH , or CHCH a „, 
CHCH,. CH,andmore Preferably ch, or 

**' R " ^ R. and, unless fho 

—ably selected fnT H «~ 1 \ "~* * 
Particularly h, 0Me and OCH Ph 1 T ^ * nd «« 

^at R| and, unl ess the " » « *-ther preferred 

haloaen atom, raore preferably «■ « °* or a 

* «• «. Most preferably r, is « *' - «*« R. and 

" the compound of formula ZI is a di 

be of the formula - 0 -,CH , o V brld9e 

— v 3 to 9 , and m r P ; e ;:^; rjr 1 to - - 
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A third aspect of the present invention is a compound with the 
formula III: 




(III) 



wherein: 

R., R, and R, are independently selected from H, R, 0 H, OR, 
halo, amino, NHR, nitro, Me,Sn ; 

where R is a lower alkyl group having l to 10 carbon atoms, or 
an aralkyl group (i.e. an alkyl group with one or more aryl 
substituents), preferably of up to 12 carbon atoms, whereof the 
alkyl- group optionally contains one or more carbon-carbon 
double or triple bonds, which may form part of a conjugated 
system, or an aryl group, preferably of up to 12 carbon atoms; 
and is optionally substituted by one or more halo, hydroxy, 
amino, or nitro groups, and optionally containing one or more 
hetero atoms which may form part of, or be, a functional group; 
and R. is selected from H, R, OH, OR, halo, amino, NHR, nitro, 
Me.Sn. where R is as defined above or the compound is a dimer 
with each monomer being the same or different and being of 
formula III, where the R. groups of the monomer form together a 
bridge having the formula -X-R'-x- linking the monomers, where 
R' is an alkylene chain containing from 3 to 12 carbon atoms, 
which chain may be interrupted by one or more hetero-atoms 
and/or aromatic rings, e.g. benzene or pyridine, and may 
contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from 0, S, or N; or R, and R. 
together form a group -O- <CH,),-0-, where p os 1 or 2; 
wherein at least one of R„ r,, r, ^ r, are not H; 
except that: 

(i) when R, and R, are H, R, and R, are not both OMe, OMe and 
OBn respectively, or OMe and OH respectively; 

(ii) when R, and R, are H, R, and R, are not Me and OH 
respectively; 

(iii) when three of R,, r,, r, and r, are - H< the other . g ^ 
Me; 
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(iv) 
(v) 



8 



when R,. and Ra are h r 

{V) when r. R . „ ' *• 13 not OMe; 

N# R, and R 9 are u * • 

a dimer. ' 0Me ' the compound is not 

aikyi — * .... -o-c,; * T™ ioc,tM ~ * - 

Z TJZ'JZ T 3ronp hart -' 1 * 
wl o„ lly 5ubstit ; te H'ziT" 01 up * 12 — 

■Mo. or „ itro « -or. h.lo. 

fro, , w ' " ""'"rod th.0 R ls 

— «— • * i. JZZ^Z?*- — • or 

•MfUttttd » e „ l9ht „ . " Y *"f.rr M Bat R J. „ 

»• , t * La r ^ « oo 

^ • "■ p ' ot ' W ' »->»tyl or t-buoy!. 

Alternatively, p » 

may P ;; fe ;r ly R b * e i d d uniess th * * . 
-oups with the following 8t ^T y selected 

: - o Pti0 na lly subs ti "^; ; T acteristics: 

(li > an optionallv c k . P Yl 9rou *><- 

™> - .l ^ r : 0 ; titutea ethenyi 

9 ° UP C ° n3U9ated *» « Electron sink . 
« is preferred that either: 
(l) only one of b. b d 

at ieast a " H; or 

c J-east one of r, p n 

at leas t one of £' !*' ^ * * 
~«My of up t0 12 J^'* - d * is an aryl group , 

^-PS. ana optionany coata ts ^ 

- - « of, or be . ;zz~ ete ™ ato - 
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If only one of R,, R„ r. and R,, it is further preferred that 
the A-ring substituents (i.e. those of R,. R„ r, and , wleaa 
the compound is a dimer, R, which are not H) are OR, and are 
more preferably selected from OMe, and OBn. 

If at least one of R,, r,, r, and r, is an aryl groupj 
preferably of up to 12 carbon atoms, which is optionally 
substituted by one or more halo, hydroxy, amino, or nitro 
groups, and optionally contains one or more hetero atoms which 
may form part of, or be, a functional group, it is further 
preferred that at least one of R„ R„ r, and r,, is a phenyl 
group optionally substituted by one or more methoxy, ethoxy or 
nitro groups, although the nitro groups are less preferred. 
More preferably, the aryl group is selected from: Ph and p- 
MeO-Ph. 



If the compound of formula III i s a dimer, the dimer bridge 
may be of the formula -0- (CH,) p -0-, where p is from 1 to 12, 
more preferably 3 to 9. Also in this case, it is preferred 
that R, and R, are H, and R, is an alkoxy or aryloxy group. 

A fourth aspect of the present invention provides a compound 
with the formul a rv : 




wherein : 

R,, R, and R, are independently selected from H, R, OH, OR, 
halo, amino, NHR, nitro, Me.Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or 
an aralkyl group (i.e. an alkyl group with one or more aryl 
substituents) , preferably of up to 12 carbon atoms, whereof 
the alkyl group optionally contains one or more carbon-carbon 
double or triple bonds, which may form part of a conjugated 
system, or an aryl group, preferably of up to 12 carbon atoms; 



25 



30 



35 
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«f is optionally substituted 

—o, or niCro group 0 * ^ hai °< hydroxy, 

n-ro atoms which may ^ - ^ co ntaining _ ^ ^ 
9roup; p of < or be, a functional 

n is from 1 to 7. 

If V and R,» form 
iq — N atom in a r^^^ . - -ally a 

0 PreferaW - »- or 6- roembered ^ m ° a th 7 lSe Acyclic and is 
unsaturated. The rirv, ^ ^ be ^urated or 

— may be aro l:;: 9 - - — to another r ing system 
Sample the cyclic aminema be ln a 9 n ab ; n r ne ^ ™us for 

. — « is also PossiMe^Vth ^ " iS ° ind0lyl 

or -re het ero atoms, in mt J^ ^ "*» ""tains one 

-/« ^ a fused ri ng and J ^ " "V" ^ 

■"ore r groups . S ° be su ^tituted by one or 

^^lrvr,r^ : hetero at - *- « * . 

netero atom, the hetero atom " , Chaln ' " d C ° ntai - a 
^ chain, .... -o-c jH ; r s Y cH l0Cat6d anyWh6re ^ ^ 
3 fUDCti0nal — carbon^ ^ « ° f « - 

R is Preferably selected f 

" carbon atoms, or an araLT ^ ^ ^ ^ 1 *> 
carbon atoms, or an aryl * of up to 12 

optionaliy substituLlVi: ' " " * 12 «*» 

-i-, or nitro g roups. It is " ^ ^ 

Elected from a lower alkw that R 

optionally substituted by^T ^ ' * 10 «=- 
nitro .roups. It is p J " ^ hai °< ^oxy, Mino , or 

Xt be P-aferred that one of „ 

tin g group , such as ^ ' «* H". is a nitro.en 
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a. is preferably an el ectr o„ donating group, and is more 
Preferably of the formula OR; particularly preferred are the 
.roups OMe. 0Et . and OBn. The term , lectrQn d 
~. a moxety covaiently attached to a compound which is 
capable of increasing electron density in other parts of the 
compound. cne 

in addition R 5 and R, are .ore preferably selected fro. H and 
OR; partxcularly preferred are OMe, OEt and OBn. 

Alternatively, r,, ^ R , may prefergbly ^ 

selected from R groups with the following structural 
characteristics: 

(i) an optionally substituted phenyl group; 

Ui) an optionally substituted ethenyl group- 

an ethenyl group conjugated to an electron sink. 

n is preferably 1 to 3, and more preferably 1. 

A fifth aspect of the present invention is the use of a 
compound as described in the first, second, third or fourth 
aspect of the invention in a method of therapy, conditions 
whxch may be treated include gene-based diseases, including, 
for example, neoplastic diseases md Alzheimer . s ^ 
also b ial , parasitic ^ virai infections c ^ tion 

whxch may be treated by the regulation of gene expression may 
be treated using compounds of the invention, m accordance 
wxth thxs aspect of the present invention, the compounds 
provxded may be administered to individuals. Administration 
-preferably in a "therapeutically effective amount", this 
bexng sufficient to show benefit to a patient. Such benefit 
»ay be at least melioration of at least one symptom. The 
actual amount administered, and rate and time-course of 
administration, will depend on the nature and severity of what 
2 bexng treated. Prescription of treatment, e.g. decisions 
on dosage, xs within the responsibility of general 
practitioners and other medical doctors. 

A compound may be administered a i ma 

umxnxstered alone or xn combination with 
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other treatments eith 
Pharmaceutical 

thS «■ ««* *ater ials ^J 6 " ta0Wn *» skilled in 

—fere with fche efficacy ° o U d be — oxic a„ d should nofc 

Pharmaceutic i ~ 

* -H d carrier or an ^ A tablet may 
positions 3enerally c *™ Phanoaceutica, 
Wat6r ' an ifflal or P -ch as 

0th6r 80iutl0 l: dextrose or 

P^lene glycol or polyethyl ^° 8 - ethylene glycol , 
«P-le may comprise a *W My be includea a 

° arrier su <* a g elatin . 

For intravenous, cu taneo 

infection at the site o^ZT^™* « 
* - the form of . pa ^ n 1Ctl °- «*• active indent 

—ion which is pyrog — i e a ^ eous 

-otonicity and staba . J 6 — h - 3u itab le p H , 

« -I able t0 prepare ^ "levant skill in ^ 

—pie, isotonic solutions u sing , for 

Injection< ^ « « Chl 0ride Action, 

Preservatives, stabil isera 1 S Injecti °n- 

— es may be incl^:'^ — —r other 

A «i«h aspect of the present . 
position contains . ' 
"» ». «*. or xv as deacribed bQ 0f >* one « forittulae ^ 

°ve, and a pharmaceutical^ 
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acceptable carrier or diluent. The preparation of 
Pharmaceutical compositions is described in relation to the 
fifth aspect of the invention above. 

A seventh aspect of the present invention provides the use of 
a compound of any one of formulae la, lb, xi, xzi. or rv as 
described above to prepare a medicament for the treatment of a 
gene-based disease, preferably a proliferative disease. The 
compound of formula la, lb, II, m, or ry may be provided 
together with a pharmaceutical^ acceptable carrier or 
diluent. The compounds may be used for the selective killing 
of oxic and hypoxic tumour cells in methods for the treatment 
of cancers, for example leukemias and particularly solid 
cancers including colon, CNS, renal, and lung tumours, 
including small cell lung carcinoma, and melanomas. In 
particular, dimers of formula II may be used for the selective 
killing of lung, colon, and CNS tumours and melanomas. The 
compounds of formula III and IV may be used selectively 
against melanomas. 

A further aspect of the present invention provides the use of 
a compound of any one of formulae la, lb, II, in, or zv as 
described above to prepare a medicament for the treatment of a 
viral, parasitic or bacterial infection. The preparation of a 
medicament is described in relation to the fifth aspect of the 
invention above. 

In further aspects, the invention provides processes for 
preparing compounds according to the first, second, third and 
fourth aspects of the present invention. 

Aspects of the invention will now be further described with 
reference to the accompanying drawings in which: 
Figures 1 to 6a/b are synthesis routes for compounds of 
formula la of the present invention; 

Figures 7 to 14 are synthesis routes for compounds of formula 

II of the present invention; 

Figures 15 to 25 are synthesis routes for compounds of formula 

III of the present invention; 
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° f CO »~ of formula w of th lntermediate in Preparation 
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Figures 29 to 32 
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The nitro group can then be reduced to -NH, and protected by 
reaction with a suitable reagent, e.g. a chlorof ormate, which 
provides the removable nitrogen protecting group in the 
synthesis route. 



A process involving the oxidation-cyclization procedure is 
illustrated in scheme 1 (an alternative type of cyclisation 
will be described later with reference to scheme 2) . 




OR' 





+ 2-R„ 






Scheme 1 



The imine/carbinolamine bond in the PBD (A) can be unprotected 
10 by standard methods to yield the desired compound, e.g. if R„ 
is Alloc, then the deprotection is carried out using palladium 
to remove the N10 protecting group, followed by the 
elimination of water to give the imine. 



Exposure of the alcohol (B) (in which the Pro -N10 -nitrogen i 
generally protected as carbamate) to tetrapropylammonium 
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The o-nitrobenzoyl chloride is synthesised from the o- 
nitrobenzoic acid ,or alkyl ester after hydrolysis, of formula 

WHlCh itS6lf is pre P—d from the vanillic acid (or alkyl 
ester, derivative H. Many of these are commercially available 
and some are disclosed in Althuis, T.H. and Hess. H.J j 
Medicinal Chem. , 20(1), 146-266 (1977,. 

Alternative Cv<-1< ga n„ n l!irhoma 0| 




z— n. 




R. O 



p- / ) 




R. O 




in scheme 1, the final or penultimate step was an oxidative 
cyclisation. An alternative, using thioacetal coupling, is 
shown in scheme 2. Mercury-mediated unmasking causes 
cyclisation to the protected PBD compound (A, . 

The thioacetal compound may be prepared as shown in scheme 2- 
the thioacetal protected C-ring [prepared via a literature 
method: Langley, D.R. * Thurston , D . E . ( ^ 0rganic 
52. 91-97 (1987)] is coup l e d to the o-nitrobenzoic acid (or 
alkyl ester after hydrolysis, (Q, using a literature 
procedure. The resulting nitro compound cannot be reduced by 
hydrogenation, because of the thioacetal group, so the tin(H, 
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synthesised by alkylation of two equivalents of the relevant 
benzoic acid with the appropriate diiodoalkane under basic 
conditions. Many benzoic acids are commercially available and 
others can be synthesised by conventional methods. 
Alternatively, the relevant benzoic acid esters can be joined 
together by a Mitsunobo etherif ication with an appropriate 
alkanediol. followed by nitration, and then hydrolysis (not 
illustrated) . 

An alternative synthesis of the bis(nitro acid) involves 
oxidation of the bis(nitro aldehyde), e.g. with potassium 
permanganate. This can be obtained in turn by direct 
nitration of the bis (aldehyde) , e.g. with 70% WOj . Fin&Uy _ 
the bis (aldehyde) can be obtained via the Mitsunobu 
etherification of two equivalents of the benzoic aldehyde with 
the appropriate alkanediol. 

An alternative synthesis approach to those detailed above is 
to protect the pro N10 position on the component which will 
form the A-ring, before joining the component which will form 
the C-ring. 

Preferred Synthetic Srrat-egies fnr P^ „ ndB of fm1a Ta 
The synthesis route of scheme 1 is generally applicable to 
compounds of formula la. 

C2/C3-endo-unsaturated PBDs of formula Za may be synthesised 
from their NIO-carbamate protected precursors. Typically, 
palladium catalysed removal of an allyl carbamate may be used 
to generate the NIO-cil imine without affecting the key C2- 
unsaturation. For example, if the N10-C11 imine/carbinolamine 
is protected by an Alloc group, the C2/C3-endo-unsaturation is 
maintained during the Alloc cleavage reaction. 

The reduction of the nitrocompound E as shown in scheme 1 
with tin (II) chloride in refluxing methanol leaves the C2/C3- 
unsaturation unaffected. The hydrazine/Raney nickel method 
would not be suitable due to the double bond. 
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Scheme 4 
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hydride. Palladium-mediated cleavage of the N-alloc protecting 
group (Dangles 0.; Guibe, F.; Balavoine, G. ; Lavielle, S. ; 
Marquet, A.; J. Org. Chem. 1987, 52, 4984) yields the compound 
F(Ia) . 

Alternative rou te to compounds of formula la 
A more linear synthetic route to compound B of scheme 1 has 
been developed which enables larger scale production of the 
C2/C3-endo-unsaturated PBDs, and is shown in scheme 5. 





Scheme 5 



The silyl protecting group may be cleaved in good yield by 
treating Bl(Ia) with AcOH : THF : H a O (3:1:1). The key C2/C3-endo- 
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Horner-Emmons reaction is spontaneous, so excess sodium 
hydride is not necessary. This double-bond migration has also 
been observed by other workers (Leimgruber, W.; Batcho, A. D. ; 
Czajkowski, R. C. J. Am. Chem. Soc. 1968, 90, 5641). 

Parr-hydrogenation of KEC4, in order to cleave the Cbz 
protecting group, allowed the large scale synthesis of the key 
amino intermediate KEC5. The TBDMS ether KEC4 was prepared in 
an analogous fashion to the corresponding Alloc protected 
intermediate F4 (Scheme 4). Selective silylation of the 
primary alcohol KEC3 was achieved using DBU as a silyl 
transfer agent. The diol KEC3 was obtained from hydride 
reduction of ester KEC2 which in turn was synthesised from 
carboxylic acid KEC1. N-Cbz protection of trans-4-hydroxy-L- 
proline (F4) was achieved by adopting a procedure reported in 
the literature (Bridges, R. j. ? Stanley, M. S.; Anderson, M. 
W. ; Cotman, C. W. ; Chamberlain, R. a. J. Med. Chem, 1991, 34, 
717) . 

Certain R a groups may require protection during the synthesis 
routes set out above, e.g. alcohols can be protected by using 
an acetate protecting group (see example 1(d)) 
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protected dilactam (Q) with sodium tetraborohydride followed 
by treatment with silica gel. The sodium tetraborohydride, 
initially, converts the dilactam into a protected 
carbinolamine. However, this species is very unstable and 
treatment with silica gel is sufficient to provoke 
fragmentation of the SEM protecting group accompanied by imii 
formation. 



The SEM protected dilactams (Q) were prepared by Suzuki and 
Stille coupling reactions on the enol triflate intermediate 
(P) . The Suzuki reaction is particularly useful as it can be 
used to install both aryl and vinyl substituents at the C2 
position of the PBD. m excess of 70 boronic acids are 
commercially available allowing great diversity to be 
introduced into the PBD system. Heck reactions can also be 
performed smoothly on the enol triflate intermediate. 

The enol triflate (P) was prepared from the ketone precursor 
(0) using triflic anhydride in DCM in the presence of 
pyridine. The ketone (o) was prepared from the secondary 
alcohol precursor (H) by Swern oxidation. Other oxidation 
methods involving TPAP or the Dess Martin reagent provide the 
ketone in equally good yields. The secondary alcohol was 
obtained by selective removal of a TBDMS group of compound M 
in the presence of the SEM N10 protecting group. The SEM 
group was installed by quenching the N10 dilactam anion (from 
L) with SEM-C1; this is a general method and can be used to 
install related protecting groups such as MOM. In order to 
prevent the C2 hydroxy of compound K interfering with the N10 
protection step if was protected as a TBDMS ether. The 2- 
hydroxy dilactam (K) was formed by hydrogenating the A-ring 
nitro group of compound J and coupling to the C-ring methyl 
ester. The A-ring nitro C-ring ester compound (J) was 
prepared by coupling commercially available acid (G) to methyl 
4-hydroxyprolinate. 



The alternative synthesis routes are equally applicable to the 
synthesis of dimers. 
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Scheme 8 

Commercially available trans-4-hydroxy-L-proline F8 can be N- 
alloc protected to give the allyl carbamate F7 which can then 
be esterified using standard conditions. Hydride reduction of 
the ester F6 furnishes the diol F5. Selective TBDMS 
protection of the diol gives a silyl ether F4, which can then 
be oxidised, using either Swern or tpap oxidation, to provide 
the ketone F3. 

The C2-olefinic functionality present in F2 may be introduced 
by performing the Wittig reaction on ketone F3. Palladium- 
mediated cleavage of the N-alloc protecting group (Dangles 0.; 
Guibe, F. ; Balavoine, G. ; Lavielle, S.; Marquet, A.; J. Org. 
Chem. 1987, 52, 4984) yields compound F(li) . 
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Scheme 10 



A more linear synthetic route to compound B of scheme 1 has 
been developed which enables larger scale production of the 
C2 -unsaturated PBDs, and is shown in scheme 10. TBAP-mediated 
cleavage of the TBDMS group may be used to produce B(II, from 
BKII). The key C2-unsaturation present in Bl(II) may be 
introduced by performing the Wittig olefination reaction on a 
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p (pentuplet) or m (multipletj . Mass spectra (MS) were 
recorded using a Jeol JMS-DX 303 GC Mass Spectrometer (EI 
mode: 70eV, source 117-147°C) . Accurate molecular masses 
(HRMS) were determined by peak matching using 
perfluorokerosene ( PFK) as an internal mass marker, and FAB 
mass spectra were obtained from a 

glycerol/thioglycerol/trifluoroacetic acid (1:1:0.1) matrix 
with a source temperature of 180 °C. Optical rotations at the 
Na-D line were obtained at ambient temperature using a Perkin- 
Elmer 141 Polarimeter. Analytical results were generally 
within +/-0.2% of the theoretical values. Flash 
chromatography was performed using Aldrich flash 
chromatography "Silica Gel-60 w (E. Merck, 230-400 mesh). 
Thin-layer chromatography (TLC) was performed using GF„ 4 silica 
gel (with fluorescent indicator) on glass plates. All 
solvents and reagents, unless otherwise stated, were supplied 
by the Aldrich Chemical Company Ltd. and were used as supplied 
without further purification. Anhydrous solvents were 
prepared by distillation under a dry nitrogen atmosphere in 
the presence of an appropriate drying agent, and were stored 
over 4A molecular sieves or sodium wire. Petroleum ether 
refers to the fraction boiling at 40-60°C. 

Examples 

Example 1(a): Synthesis of the 2-Cvanomethvl PBD (10, SB- 




Synthesis of the Nitro Alcohol (3) 

A solution of the acid 1 (3.03 g, 10 mmol, 1 equiv) in freshly 
distilled CH 3 ci a (50 mL) was treated with oxalyl chloride 
(1.05 mL, 12 mmol, 1.2 equiv) under a nitrogen atmosphere and 
stirred. DMF (0.1 mL) was added and the solution effervesced. 
The reaction was allowed to stir overnight at RT. The 
following day the acid chloride solution was added dropwise 
over 2 hours to a stirred mixture of the amine 2 (2.31 g, 10 
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H). 3.44-4.48 (m, 12H, 11-H. 3-H, OMe, NH J( OH, 2-H, Ha-H) , 
5.09 (br s, 2H, OBn) , 6.25 and 6.27 (2xs, 1H, 6-H) , 6.68 and 
6.73 (2xs, 1H, 9-H), 7.26-7.42 (m, 5H, Ph) ; »C NMR (CDC1,, 270 
MHz): 6 -5.4, 18.2, 25.9, 35.7, 56.9, 57.2, 70.4, 70.7, 103.2, 
112.9, 113.4, 127.2, 127.4, 127.9, 128.6, 128.6, 136.7, 141.6/ 
IR (neat): 3356.80, 2930.13, 2857.36, 2247.82, 1622.19, 
1514.60, 1463.60, 1408.95, 1261.43, 1176.55, 1118.48, 1003.88, 
911.00, 836.61, 778.15, 733.59, 697.72, 646.32. 



Synthesis of the Alloc Pro-NIO -Protected C2-Alcohol (5) 

A solution of allyl chlorof ormate (1.54 mL, 14.48 mmol, 1.05 
equiv) in freshly distilled CH,C1, (30 mL) was added dropwise 
to a stirred mixture of the amine 4 (6.70 g, 13.79 mmol, 1 
equiv), pyridine (2.45 mL, 30.34 mmol, 2.2 equiv) in freshly 
distilled CH,C1, (200 mL) , at 0C under a nitrogen atmosphere. 
The mixture was allowed to warm at RT and stirred overnight. 
The following day TLC (SiO„ 5% MeOH-CHCl.) revealed reaction 
completion. The mixture was washed with saturated CuS0 4 (100 
mL), H 2 0 (100 mL), brine (100 mL) , dried (MgSO.) , filtered and 
evaporated in vacuo to give a dark yellow oil. Flash 
chromatography (SiO,, 30% EtOAc -petroleum ether) afforded the 
pure Alloc-compound 5 (6.70 g, 11.75 mmol, 85.2%) as a yellow 
oil: 'H NMR (CDC1 3 , 270 MHz) rotamers : 6 0.03 and 0.04 (2xs, 
6H, Si(CH,),), 0.89 (br s, 9H, SiCfCH,),), 1.99-2.40 (m, 2H, 1- 
H), 3.56 (br s, 4H, 11-H, 3-H), 3.79 (s. 3H, OMe) , 4.05-4.20 
(m, 1H, lla-H), 4.38 (s, 1H, 2-H), 4.58-4.62 (m, 3H, OH, 
Alloc), 5.16-5.37 (m, 4H, OBn, Alloc), 5.86-6.00 (m, 1H, 
Alloc), 6.80 (s, 1H, 6-H), 7.30-7.48 (m, 5H, Ph) , 7.80 (s, 1H, 
9-H), 8.86 (br s, 1H, NH) ; "C NMR (CDC1 S , 270 MHz): 6 -5.5, - 
5.4, 18.1, 25.8, 35.6, 56.4, 57.2, 60.4, 65.8, 70.5, 70.7, 
106.4, 111.7, 116.4, 118.0, 127.7-128.6, 132.5, 136.3, 144.3, 
150.2, 153.8, 169.4; IR (neat): 3336, 3067, 2953, 2931, 2858, 
1732, 1600, 1525, 1464, 1408, 1327, 1225, 1175, 1121, 1048, 
1028, 1002, 937, 837, 812, 778, 744, 698, 671, 636, 608, 562; 
EIMS m/z (relative intensity) 570 (M*\ 35.0), 513 (27.2), 340 
(19.3), 149 (24.3), 91 (24.1), 77 (16.4), 58 (33.0), 57 
(100.0), 44 (27.2), 39 (39.8); [a]» = -55.94* (c = 1.010, 
CHC1,) . 
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solvent transferred under nitrogen from the flask via a 
double- tipped needle. The remaining residue was suspended in 
freshly distilled anhydrous THF (50 mL) , cooled to 0°C and 
treated dropwise with a solution of the diethyl 
cyanomethylphosphonate (11.14 mL, 79.90 mmol, 6.8 equiv) in 
THF (60 mL) under a nitrogen atmosphere. The mixture was 
allowed to warm to RT and stir for 1.5 h. After cooling to 0°C 
the reaction mixture was treated dropwise with a solution of 
the ketone 6 (11.14 mL, 79.90 mmol, 6.8 equiv) in THF (40 mL) . 
After stirring overnight TLC (SiO„ 30% EtOAc -petroleum ether) 
revealed almost complete consumption of starting material. 
THF was evaporated in vacuo and the resulting residue treated 
with a saturated solution of NaHCO, (100 mL) and EtOAc (100 
mL). The aqueous layer was washed with EtOAc (100 mL) and the 
combined organic layers were then washed with H,0 (100 mL) , 
.brine (100 mL) , dried (MgSOJ . filtered and evaporated in vacuo 
to give a brown glass which was subjected to flash 
chromatography (SiO„ 30% EtOAc-petroleum ether) to provide the 
pure cyano compound 7 (2.6 g, 4.40 mmol, 63%) as a yellow 
glass: *H NMR <CDC1„ 270 MHz) : 6 0.03-0.09 (m, 6H, Si(CH,),), 
0.88 (m, 9H, SiC(CH,),), 2.68-2.91 (m, 2H, 1-H) , 3.12-3.13 (m, 
2H, 12-H), 3.72-3.76 (m, 2H, 11-H) , 3.82 (s, 3H, OMe) , 4.62- 
4.65 <m, 2H, Alloc), 4.75 (m, 1H, lla-H) , 5.19 (s, 2H, OBn) , 
5.22-5.39 (m, 2H, Alloc), 5.88-6.02 (m, 1H, Alloc), 6.59 (s, 
1H, 3-H), 6.68 (s, 1H, 6-H), 7.32-7.50 (m, 5H, Ph) , 7.95 (s, 
1H, 9-H), 8.72 (s, 1H, NH) ; "C NMR (CDC1„ 270 MHz): 5 -5.4, 
17.5, 18.1, 25.6-25.7. 34.0, 56.6, 59.8, 62.3, 65.8, 70.7, 
106.1, 111.8, 114.0, 116.2, 118.1, 127.7-129.3, 132.4, 132.8, 
136.1, 144.2, 150.9, 153.4, 166.1; IR (neat): 3337, 3067, 
3034, 2954, 2930, 2857, 2253, 1732, 1622, 1599, 1524, 1495, 
1464, 1408, 1362, 1336, 1259, 1205, 1166, 1116, 1051, 1026, 
992, 914, 839, 778, 735, 698, 647; EIMS m/z (relative 
intensity) 591 (M* - , 20.1), 534 (15.0), 340 (67.5), 282 (20.9), 
252 (25.6), 195 (32.4), 91 (100.0); HRMS m/z Calcd for 
591.2765 (C„H u N J 0«Si) . Found 591.2758; [a]"„ = -83.25° (c = 
1.015, CHC1,) . 
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Deprotected Alcohol (8) 
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N10-Protected Cycled PBD (9) 
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dropwise to the reaction mixture over 45minutes. Following 
stirring at -45C for 45minutes the reaction was treated 
dropwise with a solution of TEA (1.72 mL, 12.31 mmol, 4.2 
equiv) in C Hl Cl 3 (20 mL) over a period of 30minutes. The 
mixture was stirred for a further 40minutes at -45C and was 
then allowed to warm to RT and diluted with 20 mL CH.C1,. The 
reaction was then cooled to 0'C and washed with IN HC1 
(200 mL), H,0 (100 mL) , brine (100 mL) , dried (MgSOJ . filtered 
and evaporated in vacuo to give a yellow foam which was 
subjected to flash chromatography (SiO„ 5% MeOH-CHCl.) to 
provide the pure ring closed compound 9 (0.9S g, 2.00 mmol, 
68%) as a slightly yellow glass: 'H NMR (CDC1,, 270 MHz): 6 
2.69-3.14 (m, 2H, 1-H) , 3.24 (s, 2H, 12-H) , 3.84-3.98 (m, 6H, 
U-H, OMe, OH), 4.46 (m, 2H, Alloc), 5.07-5.18 (m, 4H, OBn, 
Alloc), 5. 60-5. 80 (m, 2H, Alloc, lla-H) , 6.74 (s, 1H, 3-H), 
7.04 (s, 1H. 6-H), 7.24-7.43 (m, 6H, Ph, 9-H) ; "C NMR (CDC1„ 
270MH Z ):5 17.5, 36.5, 56.2, 59.6, 66.9, 71.1, 85.7, 111.0, 
113.2, 114.7, 116.1, 118.3, 124.6, 127.3-128.7, 131.7, 136.0, 
149.2, 150.6, 163.6; IR (neat): 3396, 3089, 2938, 2615, 2251, 
1707. 1602, 1513, 1432, 1308, 1219, 1113, 1045, 918, 869, 790, 
735, 698, 648; EIMS m/z (relative intensity) 475 (M*\ 34.2), 
340 (25.4), 339 (35.0), 279 (10.3), 134 (10.6), 91 (100.0); 
HRMS m/z Calcd for 475.1743 (C„H„N,0,> . Found 475 . 1883 ; [«]»„ = 
+101.46' (c = 1.030, CHC1,). 



C2-Cyanamethyl PBD (10, SB-A67) 

Triphenylphosphine (25 mg, 0.095 mmol, 0.05 equiv), 
pyrrolidine (167 „i, 2.0 mmol, 1.05 equiv) and Pd(PPh,) 4 (56 
mg, 0.048 mmol, 0.025 equiv) were added sequentially to a 
stirred solution of the Alloc-compound 9 (900 mg, 1.90 mmol, 1 
equiv) in freshly distilled dry CH.Cl, (100 mL) . The reaction 
mixture was allowed to stir at RT under a nitrogen atmosphere 
for 2 hours by which time TLC (SiO„ 1% MeOH-CHCl.) revealed 
reaction completion. The mixture was evaporated in vacuo and 
the residue applied to a gravity chromatography column (SiO„ 
1% MeOH-CHCl,) to isolate the PBD SB-A67 (720 mg, 1.93 mmol, 
100%) as a yellow glass: 'H NMR (CDC1„ 270 MHz): 3.05-3.40 (m, 
4H, 1-H, 12-H), 3.95 (s, 3H, OMe), 4.38 (m, 1H, lla-H), 5.21 
(s, 2H, OBn), 6.84 (s, 1H, 6-H), 7.06 (s, 1H, 3-H), 7.27-7.70 
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' m < 6H, Ph. 9-H), 7.80 ( d 1H 11 

270 a 17 . 4 , 36 . 8 , 53.9/5 3 70 ? 3 Hz,; " c 'oa,, 
^•o. us,, 120 . 7 , 12 , H a 5 - 3 ; 3 ° o 9 ' m.,. 112 . 8 , 
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"37. 1247. 1120 , 10Q0( 9 " 874 * 2222 ' 16 ° 4 ' 15 ° 8 ' 

( - ative intensity) 3 ; 3 8 , 542; eims - 

dOO.O); HUMS „, Calcd ^ ^ ' ^ ' "° <».5>. 91 

373.1364; f«]» - 254 .. , """^ "WWW.). Pound 
1 254 • 5 (c = 1-045, CHCl,). 
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(CHCO,H) , 55.0 and 54.5 (NCH,CHOH) , 39.3 and 38.3 (NCH,CHOHCH,) ; 
MS (EI), m/z (relative intensity) 215 (M*-, 10) 197(12), 170 
(M-CO.H, 100), 152 (24), 130 <M-CO,C,H 5 , 97), 126 (34), 112 
(50), 108 (58), 86 (11), 68 (86), 56 (19); IR (Neat) 3500-2100 
(br, OH), 2950, 1745 and 1687 (br, C=0) , 1435, 1415. 1346, 
1262, 1207, 1174, 1133, 1082, 993, 771 cm-; exact mass caicd 
for C^NO, jn/e 215.0794, obsd m/e 215.0791. 



Methyl (2S,iR)-N- (Allyloxycarbonyl) -4-hydroxypyrrolidine-2- 
carboxylate (13) 

A catalytic amount of concentrated H,SO t (4.5 mL) was added to 
a solution of Alloc-hydroxyproline (12) (43 g, 200 tnmol) in 
MeOH (300 mL) at 10°C (ice) and the reaction mixture was then 
heated at reflux for 2 h. After cooling to room temperature 
the reaction mixture was treated with TEA (43 mL) and the MeOH 
evaporated in vacuo. The residue was dissolved in EtOAc. 
(300 mL), washed with brine (200 mL) , dried (MgSO.) , filtered 
and concentrated in vacuo to give a viscous oil. Purification 
by flash chromatography (40% EtOAc/ Petroleum Ether) removed 
the high R, impurity to provide the pure ester 13 as a 
transparent yellow oil (19.6 g, 43%): [«]»„ = -79.0° (c = 0.35, 
CHC1,); *H NMR (270 MHz, CDC1.) (Rotamers) 5 5.98-5.78 (m, 1H, 
NC0 3 CH,Cff=C Hl ) , 5.35-5.16 (m, 2H, NCO^CH^H,) , 4.65-4.45 (m, 
4H, NC0 3 Ctf lC H=CH„ NCH,CHOHCH, and NCflCO,CH.) , 3.75 and 3.72 (s x 
2, 3H, OCH,), 3.70-3.54 (m, 2H, NCff,CHOHCH,) , 3.13 and 3.01 (br 
s x 2, 1H, OH), 2.39-2.03 (m, 2H, NCH,CH0HCH 3 ) ; »C NMR (67.8 
MHz, CDC1,) (Rotamers) 8 173.4 and 173.2 (CO.CH,) , 155.0 and 
154.6 (NC=0), 132.6 and 132.4 (NCO^O^CH,) , 117.6 and 117.3 
(NCO^CT^CH,) , 70.0 and 69.2 (NCH,CHOH) , 66.2 (NCCCH^CH,) , 
57.9 and 57.7 (NCHCO.CH,) , 55.2 and 54.6 (NCH,CHOH) , 52.4 
(OCH,), 39.1 and 38.4 (NCH,CHOHCH,) ; MS (EI), m/z (relative 
intensity) 229 <h". 7), 170 (M-CO,Me, 100), 144 (M- CO.CH,, 
12), 126 (26), 108 (20), 68 (7), 56 (8); IR (Neat) 3438 (br, 
OH), 2954, 1750 and 1694 (br, C=0> , 1435, 1413, 1345, 1278, 
1206, 1130, 1086, 994, 771 cm"; exact mass calcd for C tc H lt N0 5 
m/e 229.0950, obsd m/e 229.0940. 
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(2s,4JD- W _ (Allyl 

Pyrrolidine (14, ^^^-(hydro^thyl, 
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C2S,4«) - W - (Allyloxjrcarbonyl) - 2 - { tert . 
butyldi^^^,^^^,^^^^^ 
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atmosphere. The reaction mixture was diluted with EtOAc (500 
mL), washed with saturated NH.C1 (160 mL) , brine (160 mL) , 
dried (MgSO,) , filtered and evaporated in vacuo to give an oil 
which was a mixture of the required product (major component) , 
unreacted diol and the presumed disilyated compound by TLC 
(50% EtOAc/ Petroleum Ether) . Flash chromatography (20-100% 
EtOAc/Petroleum Ether) isolated the 3 components, to provide 
the monosilylated compound 15 as a slightly yellow transparent 
oil (13.85 g, 52%): («]»„ = - 58 .6 • (c = 1.14, CHC1,) ; 'H NMR 
(270 MHz, CDC1,) (Rotamers) 8 6.01-5.86 (m, 1H, NCO a CH,CH=CH,) , 
5.34-5.18 (m, 2H, NCO.CH.C^Cff,) , 4.59-4.49 (m, 3H, NCO.CH^CH, 
and NCflCHjOTBDMS) , 4.06-3.50 (m, 5H, NCH,CHOH, NCH,CH0H and 
NCHC^OTBDMS) , 2.20-2.01 (m, 2H, NC^CHOHCtf,) , 0.87 (s, 9H ( 
SiC(CH,),), 0.0 (s, 6H, SMCtf,),); »C NMR (67.8 MHz, CDC1,) 
(Rotamers) 5 155.0 (NC=0) , 133.1 (NCO,CH a CH=CH,) , 117.6 and 
117.1 <NCO,CH,CH=CH J ) , 70.3 and 69.7 <NCH,CHOH) , 65.9 and 65.6 
(NCO.CHjCHsCH,) , 63.9 and 62.8 (NCHCH,OTBDMS ) , 57.8 and 57.4 
(NCHCHjOTBDMS) , 55.7 and 55.2 (NCH,CHOH) , 37.3 and 36.6 
<NCH,CHOHCH,) , 25.9 (SiCtCH,),), 18.2 (SiC(CH,),) ( -5.5 
(Si(CH,),) ; MS (EI), m/z (relative intensity) 316 (M*- + 1, 29), 
315 (M-, 4), 300 (M-CH„ 26), 284 (4), 261 (8), 260 (50), 259 
(100), 258 (M-OC.H, or M-'Bu, 100), 218 (13), 215(10), 214 (52), 
200 (12), 170 (M-CHjOTBDMS , 100), 156 (40), 126 (58), 115 (33), 
108 (41), 75 (35); IR (Neat) 3422 (br, OH), 2954, 2858, 1682 
(C=0), 1467, 1434, 1412 (SiCH,) , 1358, 1330, 1255 (SiCH,), 
1196, 1180, 1120, 1054, 995, 919, 837, 776, 669 cm" 1 ; exact 
mass calcd for C l5 H„N0 4 Si m/e 315.1866, obsd m/e 315.1946. 



12S) -W- (Allyloxycarboayl) -2- ( tert- 

butyldlmethylBilyloxymethyl ) -4-oxopyrrolidlne ( 16 ) . 
Method As A solution of DMSO (12.9 mL, 14.3 g, 183 mmol) in 
CH,C1, (90 mL) was added dropwise to a solution of oxalyl 
chloride (45.1 mL of a 2.0 M solution in CH,C1„ 90.2 mmol) at 
-60°C (dry ice/acetone) under a nitrogen atmosphere. After 
stirring at -70°C for 30minutes, a solution of the alcohol 15 
(25.8 g, 81.9 mmol) dissolved in CHjCl, (215 mL) was added 
dropwise at -60°C. After 1.5 hours at -70°C, the mixture was 
treated dropwise with TEA (57.2 mL, 4-1.5 g, 410 mmol) and 
allowed to warm to 10 °C. The reaction mixture was treated with 
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brine (150 mL) and acidified to nW * 

uea to P H 3 with cone. HC1. The 

yellow oil (24.24 g, 95%). P 

Method Bs A solution of the alcohol 15 ,4.5 g 14 3 , ■ 
CH.C1, (67 . 5 ^ was treated ' •* * ".3 —I) » 

molecular sieves 11 u 1 ' A powdered 
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< 9 reen - bilf r6aCtl ° n and a col °- ^ange 
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consumption of startin t " ^ ^ COmplete 
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' LDC1 »> (Rotamers) 5 210 1 /r-m 
S4.1 ( N C=0), 132.7 < N CO,CH,CH=CH,,, 118.0 and 117 7 
NCCCH^CH,,. 66.0 and 65.8 < N CO,CH,CH = CH,, . 65 0 

5 8 ,S^ ; 18.1 (SiC(CH,,,, ( -5.7 and - 

0 , 6 „ " S (CI> ' ^ '- lati - density, J14 (ir + x , 
C O,' 0 M ; 0C ' HsOrM - tBU ' 65,; IR ««« «30. 2858, !767 

use n IT'' 1409 (SiCH,) ' 1362 < 1316 < 

- 'cal l' ' 1016 ' 938 ' 83? ' ?78 ' 6 " — «* 

mass calcd for C^O.Si ffl/e 313.1710, obsd n/e 313.1714. 

(25) (Allyl oxvcarbonyl) . 2 . ( terfc _ 

Petroleum ether 40»-60 <> (inn „n 

60 (100 mL) „as added to a sample of NaH 
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(0.80 g of a 60% dispersion in oil, 20.12 mmol) and stirred at 
room temperature under a nitrogen atmosphere. After 0.5 hours 
the mixture was allowed to settle and the Petroleum Ether was 
transferred from the flask via a double-tipped needle under 
nitrogen. THF (100 mL) was added to the remaining residue and 
the mixture was cooled to 0»C (ice/acetone) . The cool solution 
was treated dropwise with a solution of 

methyldiethylphosphonoacetate (3.69 mL, 4.23 g, 20.12 mmol) in 
THF (100 mL) under nitrogen. After 1 hour at room 
temperature, the mixture was cooled to 0°C and treated dropwise 
with a solution of the ketone 16 (3.0 g, 9.58 mmol) in THF (30 
mL) under nitrogen. After 16 hours at room temperature, TLC 
(50% EtOAc/Petroleum Ether) revealed the complete consumption 
of ketone and further TLC (5% EtOAc/Petroleum Ether) revealed 
the formation of mainly the exo-product. The reaction mixture 
was cooled to 0°C (ice/acetone) and transferred via a double- 
tipped needle under nitrogen to another flask containing NaH 
(0.40 g of a 60% dispersion in oil, 10.1 mmol) at 0°C, freshly 
washed as above. The reaction mixture was maintained at 0 °C, 
and after 40minutes TLC revealed the almost complete 
conversion to endo-product . The THF was evaporated in vacuo 
and the mixture partitioned between saturated NaHC0 3 (100 mL) 
and EtOAc (100 mL) . The layers were separated and the aqueous 
layer extracted with EtOAc (2 X 50 mL) . The combined organic 
layers were washed with brine (100 mL) , dried (MgSOJ, filtered 
and concentrated in vacuo to give an orange oil. Purification 
by flash chromatography (5% EtOAc/Petroleum Ether) furnished 
the endo-ester 17 (2.22 g, 63%): [«)»„ = -97.7 ° ( c = 2.78, 
CHC1,); 'H NMR (270 MHz, CDC1.) (Retainers) 5 6.47 and 6.42 (br s 
x 2, 1H, NCff=CCH,CO,CH,) , 5.98-5.86 (m, 1H, NCC,CH,Cff=CH,) , 5.31 
(d, 1H, J = 16.85 Hz, NCO.CH.CH^tf,) , 5.22 (d, 1H, J = 10.62 Hz, 
NCO,CH,CH=Cff,) , 4.65-4.49 (m, 2H, NCO.C^CHrCH, ) , 4.37-4.18 (m, 
1H, NCHCHjOTBDMS ) , 3.76-3.69 (m, 5H, NCHCff,OTBDMS and CO,CH a ) , 
3.09 (br s, 2H, NCH^C^CCCH,) , 2.86-2.80 (m, 1H, 
NCH=CCH,CO a CH,Ctf 1 ) , 2.59 (d, 1H, J = 17.40 Hz, NCH^CH.CO.CH.Cff,) , 
0.87 (s, 9H, SiCfCH,),), 0.04 and 0.03 (s x 2, 6H, Si(CH,),); »C 
NMR (67.8 MHz, CDC1,) (Retainers) 5 171.2 (CO.CH,) , 151.9 (NC*0) , 
132.8 (NC0 3 CH,CH=CH,) , 127.1 and 126.4 (NCH=CCH,CO,CH,) , 118.0 
and 117.7 (NCO,CH,CH=CH,) , 114.6 (NCH=CCH,CO J CH 1 ) , 65.9 
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(NC0 3 CH,CH=CH ) 63 a 

M ; ;; d "- 6 £«**mm>. S9 . 0 and 58 . 7 

5 intensity, 369 or S8 ,' 3 ! f ^ ' (rel *"ve 

«.>.». (i0) / %% aii - m 

168 »3,. 1 52 (55 ,, 138 ( 2 (86> ' 210 (22 >< "2 (22) , 

3086, 2954 , 2g ' ; "° 8 * (70,, V3 (75); 1R 

1435 ' "13, i 362 , 133 \ \ 5 1?44 ' 1?09 ' 16?0 ' 

10 ^ 937 , 887 , 838 , g ' », a,,. U07 , 1064< 

-ca f or CMtSi J' 3 °'2 2 " 5 ^ exact _ 

iy72 ' obsd «/e 363.1868. 

^,- 2 - (t e rt . butyldilttethylsi 
(matho^carboaylBethyD-a 3 « h ^ 

»• ™«. eely .„„ UM . r ;*. Z" vl3 ° to " s ~ 

«- t »P««„. „„„„ - «« U hour, at 

- o W «. o.» s ^ e ; :™"»» - — — 

ailuting W i th CHj ci on .r, Startln 9 material. After 

25 m ter ea a ; d ev a 2atla e ;; 9anlc soiution was 

which was P urifi ed by fl ash eh ^ ^ ^ ^ ° ran * e °" 

orange oil , 0 .57 g 67S) J ^ 6031,11116 18 as « slightly 

7 - 48 «* • x 2 ih 1* ^ <27 ° CDCll) 5 7 -» ana 

SiC(C ffj ,,,, 0.09-0. 00 („ 6H <r ^ C °' CH ' Cff ' ) ' 0-90-0. 88 (m , 9H> 
intensity, 285 (tr . ' ' ^ '' ^ <B1> ' " / * (reiat ive 

1 oo,. , ;l^u M "^;3 , ; 2 1 54(6, ' 242 (4, ' 23 ° 

loo,. ' K 286 (M ' + i- loo,, 228 (M _. BUj 
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(2ff)-W-(4-Benzyloxy-5-methoxy-2-nltrobenzoyl)-2-(tert- 
butyldimethylsilyloxymethyl) -4- (metho^carbonylnethyl ) -2, 3- 
dlhydropyrrole (19). 

A catalytic amount of DMF (2 drops) was added to a stirred 
solution of the acid 1 (0.506 g, 1.67 mmol) and oxalyl 
chloride (0.17 mL, 0.25 g, 1. 98 in CHjC1j (33 ^ ^ 

16 hours at room temperature the acid chloride solution was 
added dropwise to a stirred mixture of the enamine 18 (0.524 
g, 1.84 mmol) and TEA (0.47 g, 0.65 mL, 4.60 mmol) in CH,C1, 
(12 mL) at 0°C (ice/acetone) under a nitrogen atmosphere. The 
reaction mixture was allowed to warm to room temperature and 
stirred for a further 2.5 h. The mixture was diluted with 
CH,C1, (50 mL), washed with saturated NaHCC, ( 50 mL) , saturated 
NH.C1 (50 mL), H,0 (50 mL) , brine (50 mL) , dried (MgSOJ , 
filtered and evaporated in vacuo to give the crude product as 
a dark orange oil. Purification by flash chromatography (25% 
EtOAc/Petroleum Ether, isolated the pure enamide 19 as an 
orange oil (0.55 g, 58%): 'H NMR (270 MHz, CDC1,) 6 7.77 (s, 
1H_), 7.45-7.28 (m, 5H_) , 6.81 (s, l Hm J , 5.80 (s, 1H, 
NCH=CCH,CO,CH,) , 5.22 (s, 2H, PhCHfi) , 4.76-4.64 (m, 1H 
NCHCH,OTBDMS , , 3.97 (s, 3H, OCH,) , 3.72-3.66 (m, 5H, 
NCHCffjOTBDMS and CO,CH,) , 3.02 (s, 2H, NCH=CCfl- J CO,CH J ) , 3.01-2.63 
(m, 2H, NCH=CCH,CO,CH,Ctf,> , 0.90 ( S , 9H, SiC(CH,),), 0.11 (s, 6H, 
Si(CH,),) ; »C NMR (67.8 MHz, CDC1.) 5 170.7 (CO,CH,) , 154 6 
(NC=0), 148.3 (C_), 137.6 <C_) , 135.2 (C_) , 128.8, 128.5 
and 127.6 (BnC-H_) . 126.7 (C_) , 126.1 <NCH=CCH,CO,CH,) , 118.8 
<NCH=CCH,CC,CH,,, 109.9 (C-H_), 109 .0 (C-H_) , 71.3 <PhCH,0), 
60.7 (NCHCHjOTBDMS) , 59.0 (NCHCH,OTBDMS) , 56.7 (OCH,) , 52.0 
(00,(3,), 35.1 (NCH=CCH,CO,CH.) , 33.8 (NCH=CCH,CO,CH,CH,) , 25.8 
(SiC(CH,),) ( 18.2 (SiC(CH,),), -5.3 and -5.4 (Si(CH,),). 

<2S) -ff- (4-BenzyloKy-5-methoKy-2-nltrobenzoyl) -2- 
(hydroxymethyl ) -4- <metho*ycarbonylmethyl ) -2 , 3-dihydropyrrole 
(20). 

A solution of the silyl protected compound 274 (0.45 g, 
0.79 mmol) in THF (8 mL) was treated with H,0 (8 mL) and 
glacial acetic acid (24 mL) . After 5 hours stirring at room 
temperature TLC (50% EtOAc/Petroleum Ether) showed the 
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complete consumption of st*^n„ 

hoc, 7 r "*™ "* sh,d " uh h -° 1100 te„ e 

r : 'c:r P :::::;'', " iterM - — - ~ 

Pure alcohol 20 as a lioh, furnished the 

«« as a light orange glass (0 35 a <*ni\ i„ 
(270 MH Z . CDCl,) 6 7.78 <s, 1H , 7 48 ' J , "* %> = * 
(s, 1H ) s no , , 7.48-7.33 (m, 5H„_) , 6 .86 

4 Bl-lTl (m 1H NCW=CCH ' C °^'' 5.22 «s, 2H, PhC,,0,, 

2^^-;^'^ - - NCHsCCfljCOjCH, and 

(67.8 MHz CDCl ) X nn ' NCH = CCH ' C0 ™,) ; "C NMR 

8 MHZ, CDCl,) 5 170 . 6 # ^ 

• CCUJ. 135.1 ,C W ,, 128 . 9 , 128 . 6 and m 6 J <C ^' 
126.2 (NCH=CCH CO pw i n m (Bnc -H««J , 

56.8 (OCh" 5 ' 21 1 61,5 <NCHCH ' 0H) ' ( ™>°H), 

(OCH l)( 52.1 <CO lC H,), 35.6 (NCH^CHXO.CH ) 33 s 

28S «-NCHCCH,CO,CH,CH,CHCH,OH . 25) 270 ' 
("CHCCH,CO,CH,C„,C»CB,0„. ... S1 ^ „, 

— c«acd f o, w ,„. „ 6 . 1S33i ^ ^ m ' ; is 

A .olotioo of the nitro-eloohol 20 (0 35 a 0 ,7 ,, 

to reflux L " * etha " 01 <" " L| »« s "oo"a 

eteieTice 7""" "~ - "» ^ 

* - ^rc " ,s dii - ted " ith — - «. - « 

ovea by faction through oolite. The orgenle ,„„ 
o t. a . „ ashed wlu , teine ^ p lover 

it L r :::: 31 r ,o ' 2s 68,1 -** - — 
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(2S) -N- [ (2 -Allyloxycarbonylami.no) -4-benzyloxy-5- 
methoxybenzoyl] -2- (hydroxymethyl) -4- (methoxycarbonylmethyl ) - 
2 , 3 -dihydropyrrole (22) 

A solution of the amino-alcohol 21 (0.29 g, 0.68 mmol) in 
CH.C1, (12 mL) was cooled to 0°C (ice/acetone) and treated with 
pyridine (0.11 mL, 0.11 g. 1.39 tnmol, . a solution of allyl 
chloroformate (79 jiL, 90 mg, 0.75 mmol) in CH,C1, (10 mL) was 
then added dropwise to the stirred mixture. The reaction 
mixture was allowed to warn, to room temperature and stirred 
for a further 2.5 h, at which point TLC (EtOAc) revealed 
complete consumption of the amine 21. The mixture was diluted 
with CH,C1, (30 mL) and washed with saturated CuSO. (20 mL), HO 
(20 mL), brine (20 mL, , dried (MgSOJ , filtered and evaporated 
m vacuo. The crude residue was purified by flash 
chromatography (70% EtOAc/ Petroleum Ether) to afford the pure 
alloc-amino compound 22 as a colourless glass (0.14 g, 40%)- >H 
NMR (270 MHz, CDC1J 5 8.58 (br s, 1 H , Ntf) , 7.88 (br s, 1H ) 
7.50-7.29 (m, 5H_) , 6.83 (s, 1H_) , 6.42 (br s, 1H, 
NCH=CCH,C0 3 CH,>, 6.03-5.89 (m, 1H, KCO,CH,CH=CH,) , 5.39-5.22 (m 
2H, NCO.OLCH^,, 5.18 (s, 2H, PhCH,0> , 4.77-4.73 (m, 1H, 
NCflCH,OH) , 4.65-4.62 (m, 2H, NCO.CH^CH.) , 4.32-3.84 (m, 5H, 
NCHCH,OH and OCH,) , 3.69 (s, 3H, CO,CH,) , 3.09 (s, 2H, 
NCH=CC ffl CO,CH,), 3.05-2.95 (m, 1H, NCH=CCH 1 CO,CH,CH i ) , 2 . 35 (dd, 
1H, J = 3.76, 16.72 Hz, NCH^CO.CH.Cff,) ; »C NMR (67.8 MHz, 
CDClj) 6 170.6 (O0.CH,), 167.4 (NW^) , 153.5 (NC=0 o „ bMMt .) , 
151.1 (C w)( 144.4 (C m ), 136.1 { C m ) , 132.6 (C_) , 132.4 
<NCO,CH 3 CH=CH,), 128.6, 128.1 and 127.7 (BnC-H^., , 118.5 
<NCH=CCH,CO,CH,), 118.2 (NCO.CH.CH-CH,) , 112.1 (C-H_) , 106.3 (C- 
H. M ), 70.7 <PhCH,0), 66.5 (NCHCH.OH) , 65.9 (NCO.CH.C^CH,) , 61.9 
(NCHCH,OH), 56.7 (OCH.) , 52.1 (CO,CH,) , 35.6 (NCH=CCH,CO,CH J > . 
33.6 (NCH=CCH,CO,CH,CH,); MS (FAB), m/z (relative intensity) 618 
<M- + Thioglycerol, 2), 511 (M* 1 + 1, 5), 510 (M-, 1), 340 (M- 
NCH=CCH,CO,CH,CH,CHCH,OH, 20), 300 (3), 282 (14), 256 (7), 192 
(6). 171 (16), 149 (22), 140 (12), 112 (4), 91 (PhCH,, 100), 80 
(6). 65 (1), 57 (3) . 
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» "lution of the alcohol „.„ 

...» .> « « ,., „„ „ r;;:;;:^ 1 " * u ™ 

=t coo. corporator,, TPAP u .. . ,„ 15 »»"«os «l„i„ g 

thon r„, t .a „ lth , " "'"^ ~ t « 1 "' «» -taro ... 
«- TPAP ,4., „, . I, ' ° £ M0 ""I 

0.5 oooro *o„ « ™ a ,U °- ed * - ' «■—. 

» ~o* „ oi:r - — . 

prot.oo.d corbiool^n. 23 „ , ™ " Cr ° V "" the 

•» - bt. ... en., " . rr r aus * 139 m, < 

NCO.CH.C/J^ch,) , 577 M ,„ 5.79-5.64 (m, 1H, 

... -.ch^oo,;;;;;:;::.:^;™'. s — 

NCO,Cff,CH=CH,) , 4 18 , », , ' ' 2H ' 

3H, CO.C.,,, 3 1S ; ' 2H I 1 "' «*-«»0. 3.7! ,.. 

"3.3 !»«,„.,. U5.. (nc=0 ' a '• C,, • , • 
56.2 (0CH.I 52 , "TCO.M.CH-CH.l, 59.5 1NCHCH0H), 

"0 (10), 131 (5) 108 qi (3> ' 169 (4) ' 152 <2). 

<-o L , 3600 - 2 oo J, h' 292 Ph "" 100) ' 80 {9, < 57 < 9 >< » 

^14, 1462, 1377 1 71 T'l T ' 236 °' 16 ° 2 < 

or C^o. „ /e 508.1846, obsd m/e 508.1791. 
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(11S, llaS) & {11R, lias) -8-Benzyloxy-7, ll-dimethoxy-2- 
(methoxycarbonylmethyl) -1, 10, 11, lla-tetrahydro-5H-pyrrolo[2, 1- 
c)[l,4Jbenzodiazepin-5-one (24, SJO-245). 

A catalytic amount of tetrakis (tripheny.lphosphine) palladium 
(5.0 mg, 4.33 umol) was added to a stirred solution of the 
Alloc-protected carbinolamine 23 (88 mg, 0.17 mmol), 
triphenylphosphine (2.27 mg, 8.65 wraol) and pyrrolidine (13 
mg, 0.18 mmol) in CH,C1, (IS mL) . After 2 hours stirring at 
room temperature under a nitrogen atmosphere, TLC (80% 
EtOAc/Petroleum Ether) revealed the complete consumption of 
starting material. The solvent was evaporated in vacuo and 
the crude residue was purified by flash chromatography (60% 
EtOAc/Petroleum Ether) to afford the novel PBD (SJG-245) as a 
colourless glass (54 mg, 77%) which was repeatedly evaporated 
in vacuo with CHC1, in order to provide the N10-C11 imine form 
24: l H NMR (270 MHz, CDC1 3 ) (imine) 5 7.80 (d, 1H, J = 4.03 Hz, 
HC=N), 7.50 (s, lH ra ), 7.45-7.26 (m, 5H_) , 6.91 (br s, 1H, 
NC^CCH^CH,) , 6.83 (s, 1H„J, 5.21-5.12 (m, 2H, PhCff,0) , 3.94 
(s, 3H, OCff,), 3.73 (s, 3H, CO,CH,) , 3.23 (s, 2H, 
NCH=CCtf.,CO,CH J ) , 3.15 (m, 2H, NCHrCCHjCOjCH.CH,) ; »C NMR (67.8 
MHz, CDC1,) (imine) 5 170.7 (00,0*,), 162.7 (HC=N) , 161.4 
(NC=0), 150.9 (C.„), 148.1 (C„.) , 140.1 (C OT ) , 136.0 (C_) , 
128.7, 128.2 and 127.3 (BnC-H M .) , 127.3 (NCH=CCH,CO,CH,) , 119.2 
(C^.), 117.5 (NCH=CCH,CO,CH,) , 111.8 (C-H„_) , 111.5 (C-H„.) , 
70.8 (PhCH,0), 56.2 (OCH.) , 53.8 (NCHHC=N) , 52.0 (CO,CH,) , 37.4 
(NO^CCHjCOjCH,), 33.6 (NCH=CCH,CO,CH,CH,) . 

Repeated evaporation in vacuo of 24 with CH,OH provided the 
N10-C11 methyl ether forms 25: *H NMR (270 MHz, CD,OD) 
(11S, lias isomer) 5 7.44-7.25 (m, 5H„.) , 7.16 (s, 1H„„J , 6.85 
(br s, 1H, NCH=CCH,CO,CH,) , 6.62 (s, 1H_) , 5.09 (s, 2H, 
PhCtfjO), 4.52 (d, 1H, J = 8.80 Hz, NCHCHOCH,) , 4.00-3.85 (m, 
1H, NCHCHOCH,), 3.80 (s, 3H, OCH,) , 3.69 (s, 3H, CO,CH,) , 3.41 
(s, 3H, NCHCHOCH,), 3.24 (br s, 2H, NCHrCC^CO.CH,) , 3.20-3.00 
(m, 1H ( NCH=CCH,C0,CH,CH 3 ) , 2.60-2.50 (m. 1H, NCH^CH.CO^H.CH,) , 
"C NMR (67.8 MHz, CD.OD) (llS,llaS isomer) 5 172.7 <CO,CH,>, 
166.8 (C„J, 153.3 <NC=0), 146.4 (C„.), 139.7 <C„_) , 138.0 
(C^J, 132.4 (C m ), 129.6, 129.1 and 128.8 (BnC-H„,J , 127.0 
<NCH=CCH,CO,CH,) , 120.8 (NCH=CCH,CO,CH,) , 113.7 (C-H«») , 109.2 
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( C ~ H ««J t 97.1 (NCHCHOpp \ -7 1 -7 
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Example 1(a) 

Pafcml '^'■ a ' , -« 1 «««WfB 0 U ( 26) 

Petroleum Ether flon ™t t 

temperature under a nitr ' """^ "* Stirred at room 

-ture was allowe r ;: e ~ re - After °- s hours *• 

deferred from the fl ask "L , Petr ° leUnl ™ 
nitrogen. TO (80 1, " 3 d °^-tipped needle under 

- the mixture was zz i the ™* — - 

C (xce/ecetone) . The coo! solution 
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was treated dropwise with a solution of 

methyldiethylphosphonoacetate (6.47 mL, 7.41 g, 35.25 mmol) in 
THF (80 mL) under nitrogen. After 1.5 hours at room 
temperature, the mixture was cooled to 0°C and treated dropwise 
with a solution of the ketone 6 (8.0 g, 14.1 mmol) in THF (50 
mL) under nitrogen. After 16 hours at room temperature, TLC 
(20% EtOAc/Petroleum Ether) revealed reaction completion. The 
THF was evaporated in vacuo and the mixture partitioned 
between saturated NaHCO, (200 mL) and EtOAc (220 mL) . The 
layers were separated and the aqueous layer extracted with 
EtOAc (2 X 200 mL). The combined organic layers were washed 
with H,0 (200 mL), brine (200 mL) , dried (MgSO.) . filtered and 
concentrated in vacuo to give a dark red oil. Purification by 
flash chromatography (15% EtOAc/Petroleum Ether) furnished the 
endo-ester 26 (7.02 g, 80%): [«]», = _ 93 . 0 . (c = 1M> 
'H NMR (270 MHz, CDC1.) 5 8.78 (br s, 1H, , 7.95 (s, 1H) , 7.50- 
7.29 (m, 5H), 6.82 (s, 1H) , 6.46 (br s, 1H) , 6.02-5.88 (m, 
1H), 5.35 (dd, 1H, J= 2.93, 17.22 Hz), 5.24 (d, 1H, J= 10.44 
Hz), 5.18 (s, 2H), 4.70-4.61 (m, 3H) , 3.96-3.82 (m, 5H) , 3.68 
(s, 3H>, 3.08 (s, 2H), 2.91-2.82 (m, 1H) , 2.71-2.65 (m, 1H) , 
0-88 (s, 9H), 0.06 and 0.04 (s x 2, 6H) ; "C NMR (67.8 MHz, 
CXI,) 5 170.7, 165.8, 153.5, 150.6, 144.0, 136.2, 132.7, 
132.5, 128.6, 128.2, 128.1, 127.7, 118.1, 118.0, 114.4, 112.0, 
106.0, 70.6, 65.7, 62.3, 59.4, 56.6, 52.0, 34.6, 33.9, 25.8, 
18.1, -5.4; MS (EI), m/z (relative intensity) 626 (M* - + 1, 
3), 625 + 1, 7), 624 (M-, 14), 568 (5), 567 (11), 509' (3) , 

476 (3), 341 (5), 340 (17), 339 (4), 299 (3), 286 (18), 285 
(87), 282 (11), 256 (4), 242 (3), 229 (3), 228 (14), 226 (11), 
168 (10), 166 (3), 152 (6). 141 (5), 140 (50), 139 (9), 108 
(3), 92 (10), 91 (100), 89 (6), 80 (11), 75 (11), 73 (10), 65 
(5), 57 (6), 41 (12); IR (NEAT) 3332 (br, NH) , 3019, 2953, 
2930, 2857, 1733, 1622, 1599, 1524, 1491, 1464, 1408, 1362, 
1335, 1258, 1205, 1171, 1113, 1051, 1027, 938, 839, 757, 697, 
666 cm"; exact mass calcd for C„H M N,O.Si m/e 624.2867, obsd 
m/e 624.2936. 
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y ' J ' 3 ^hy'iropyrrole (27) 

A solution of the este r 26 (4 0 o « ai 
5 was cooled to 0«C Uce/ace, 7 nB "° 1) " ^ (55 

».« -i, in Port n ; r treated with <••» 

»« temperature and stirred 7 t0 "« "» 

Ws at which poi„ t 3 nitr ° 9en te 

sealed the complL con Et0 ^troleum Ether) 

» ^xture was coolJ « ™ ™. The 

carefully added W1 Uce/ac «one, and water ( 14 was 
the „• „ Followmg evaporation of the THP in 

the mixture was cooled anri ^ n vacuo > 

vacuo. Th e crude oil eva P° r "ed in 

IH, J = 11 V2 ' " : 5 " J ■ »•« Hz), 5.24 M , 

25 '■- ... ». o.o 6 « , * *- h 3 ->• >■« «- »■ 

«w . ».>. is3. 5 . i 5 „. 5 .' s 14 ; 2 2 ' ^ - ««'■- «. 
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(2S) -N- [ (2-Allylojtycarbonylamino) -4-benzyloxy-5- 
methoxybenzoyl] -4- (acyloxy-2-ethyl) -2- ( tert- 
butyldimethylBilyloxymethyl ) -2 , 3-dihydropyrrole ( 28 ) 

Acetic anhydride (8.17 g, 7.55 mL, 80 mmol) and pyridine 
(30.2 mL) were added to the alcohol 27 (0.953 g, 1.60 mmol) 
and the solution stirred for 16 hours under nitrogen at which 
point TLC revealed reaction completion (50% EtOAc/ Petroleum 
Ether) . The reaction mixture was cooled to 0°C (ice/acetone) 
and treated dropwise with MeOH (15 mL) . After stirring at 
room temperature for 1 hour the mixture was treated dropwise 
with H,0 (30.2 mL) and allowed to stir for a further 16 h. 
Following dilution with EtOAc (56 mL) , the solution was cooled 
to 0°C and treated dropwise with 6 N HC1 (56 mL) . The layers 
were separated and the organic phase was washed with 6N HC1 (2 
X 28 mL) and the combined aqueous layers were then extracted 
with EtOAc (70 mL) . The combined organic phases were then 
washed with H a O (60 mL) , brine (60 mL) , dried (MgSOJ , filtered 
and evaporated in vacuo. The crude oil was a mixture of the 
desired product 28 and the TBDMS cleaved compound 29 as judged 
by TLC. Purification by flash chromatography (20 - 100% 
EtOAc/Petroleum Ether) provided 29 (0.2 g) and desired acyl- 
TBDMS compound 28 (0.59 g, 58%) as a colourless oil: [«]». = - 
87.04 0 (c = 4.91, CHC1,); »H NMR (270 MHz, CDC1,) (Rotamers) 5 
8.77 (br s, 1H), 7.94 (br s, 1H) , 7.49-7.31 (m, 5H) , 6.80 (s, 
1H), 6.37 (br s, 1H), 6.02-5.89 (m, 1H) , 5.35 (dd, 1H, j, 
17.22, 1.65 Hz), 5.24 (d, 1H, J= 10.30 Hz), 5.19 (s, 2H) , 
4.64-4.61 (m, 3H) , 4.12 (t, 2H, J= 6.78 Hz), 4.03-3.95 (m, 
1H), 3.83-3.75 (m, 4H) , 2.85-2.75 (m, 1H) , 2.64-2.60 (m, 1H) , 
2.40-2.26 (m, 2H, ) , 2.03 (s, 3H) , 0.88 (s, 9H) , 0.04, 0.01 and 
-O.OKs x 3, 6H); »C NMR (67.8 MHz, CDC1,) 5 170.9, 165.5, 
153.5, 150.6, 144.1, 136.3, 132.7, 132.5, 128.6, 128.1, 127.7, 
126.5, 122.2, 118.0,114.3, 112.2, 106.1, 70.7, 65.7, 62.4, 
60.4, 59.2, 56.7, 34.6, 31.7, 27.9, 25.8, 20.9, 18.2, -5.4; MS 
(EI), m/z (relative intensity) 640 (M* - + 2, 3), 639 (M*- + 1, 
7), 638 (M-, 15), 623 (2), 583 (3), 582 (6), 581 (14), 539 
(2), 523 (3), 490 (3), 341 (5), 340 (22), 301 (5), 300 (18), 
299 (75), 283 (3), 282 (14), 256 (4), 242 (7), 241 (5), 240 
(16), 239 (62), 226 (6), 192 (3), 182 (8) , 181 (5), 180 (3), 
168 (5), 166 (5), 154 (10), 131 (3), 106 (3), 95 (4), 94 (48), 
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1732, 1599, 1524, 1455, 1434, 1408, 1231, 1170, 1112, 1029, 
995, 932, 868, 765, 698, 638, 606 cm"; exact mass calcd for 
C„H„N 2 0 8 m/e 524.2159, obsd m/e 524.2074. 



(115, llaS) -2- (Acyloxy-2-ethyl) -10-allyIoxycarbonyl-8- 
benzyloxy- 11 -hydroxy- 7 -met hoxy- 1,10, U, lla-tetrahydro-5H- 
pyrrolo[2,l-cl [l/4]benzodiazepin-5-one (30) 



Method A: A solution of DMSO (0.25 mL, 0.27 g, 3.49 mmol) in 
CHjCl, (10 mL) was added dropwise over 35minutes to a solution 
of oxalyl chloride^ (0.87 mL of a 2.0 M solution in CH a Cl 2 , 
10 1.75 mmol) at -45°C ( liq.N,/Chlorobenzene) under a nitrogen 

atmosphere. After stirring at -45°C for 40minutes, a solution 
of the alcohol 29 (0.51 g, 0.97 mmol) in CH 3 C1 2 (7 mL) was 
added dropwise over 35minutes at -45°C. After 55minutes at - 
45°C, the mixture was treated dropwise with a solution of TEA 
(0.57 mL, 0.41 g, 4.10 mmol) in CH^l, (5 mL) over 40minutes at 
-45°C. After a further 45minutes, the reaction mixture was 
allowed to warm to room temperature and was diluted with CH 2 C1 3 
(60 mL), washed with IN HC1 {60 mL) , H 2 0 (60 mL) , brine (30 
mL), dried (MgSOJ , filtered and evaporated in vacuo. TLC (80% 
EtOAc/Petroleum Ether) of the crude material revealed complete 
reaction. Purification by flash chromatography (50% 
EtOAc/ Petroleum Ether) furnished the protected carbinolamine 
30 as a creamy glass (0.25 g, 49%). 



15 



20 



Method B: A solution of the alcohol 29 (0.21 g, 0.40 mmol) in 
CHjCIj/CHjCN (30 mL, 3:1) was treated with 4 A powdered 
molecular sieves (0.15 g) and NMO (69 mg, 0.59 mmol). After 
ISminutes stirring at room temperature, TPAP (6.9 mg, 19.8 
Mmol) was added and stirring continued for a further 1 hour at 
which point TLC (80% EtOAc/ Petroleum Ether) showed product 
formation along with some unoxidised starting material. The 
mixture was then treated with a further quantity of NMO (35 
mg, 0.30 mmol) and TPAP (3.50 mg, 10 junol) , and allowed to 
stir for a further 1.5 hours after which time TLC revealed 
complete reaction. The mixture was evaporated in vacuo onto 
silica and subjected to flash chromatography (50% 
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EtOAc/Petroleum Ether) to provide t-v, 

1H), 6.76 (s, 1H ), 5.79-5.59 (m l H ) q 7, ,„ , 

' ' 1H ' * ' 16 86 2 « It. 2H, J . «.„ „, , .„ , 

56 - 2 ' - 
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W, 57 (15); exact mass calcd f or c w m n , 
522 200? ^u^^ / c jbH jo N,0, jn/e 
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intensity) 421 (M" ♦ 1( 4 ), 420 <M", 14), 419 (12), 418 (36), 
361 (6), 360 (20), 328 (3), 313 (8), 270 (4), 269 (7), 268 
(9), 267 (22), 256 (4), 129 (3), 105 (3), 94 (4), 93 (3), 92 
(12), 91 (100), 83 (3), 80 (3), 73 (5), 71 (3), 69 (3), 65 
(5), 60 (4), 57 (5), 55 (4); IR (CHC1.) 3313 (br) , 2957, 2934, 
1736, 1598, 1509, 1455, 1437, 1384, 1243, 1179, 1120, 1096, 
1037, 753, 696, 666, 542 cm-; exact mass calcd for C M H, 4 N,0,' m/e 
420.1685, obsd m/e 420.1750. 



(llS,llaS)-10-Allyloxycarbonyl-8-ben2yloxy-n-hydroxy-2- 
(hydroxy-2-ethyl) -7-methoxy-l, io , 11, 11a- tetrahydro- 
pyrrole* [2,1- c] tl,4]benzodlazepin-5-one (32). 

A solution of K,CO, (328 mg, 2.38 mmol) in H,0 (6 mL) was added 
dropwise to a stirred solution of the acyl compound 30 (0.248 
g, 0.475 mmol) in CH,C1, (3 mL) and MeOH (8 mL) . After 
stirring for 16 hours at room temperature TLC (EtOAc) revealed 
complete reaction. The MeOH/CH,Cl, was evaporated in vacuo to 
give a cloudy aqueous solution which was diluted with H a 0 (30 
mL) and extracted with EtOAc (3 X 30 mL) . The combined 
organic layers were then washed with brine (30 mL) , dried 
(MgSOJ , filtered and evaporated in vacuo to provide a creamy 
oil. Purification by flash chromatography (97% CHCl,/MeOH) 
furnished the homoallylic alcohol 32 as a transparent 
colourless glass (178 mg, 78%): [«]»„ = +48.43 0 (c = 1.56, 
CHC1,); »H NMR (270 MHz, CDC1.) 8 7.43-7.24 (m, 6H) , 6.84 (s, 
1H), 6.73 (s, 1H), 5.74-5.55 (m, 1H) , 5.73 (d, 1H, J= 8.79 
Hz), 5.19-5.06 (m, 4H) , 4.46-4.23 (m, 2H) , 3.92-3.70 (m, 6H> , 
3.07-2.97 (m, 1H) , 2.67 (d, 1H, J= 16.49 Hz), 2.40-2.17 (m, 
2H); »C NMR (67.8 MHz, CDC1.) 5 163.1, 155.8, 150.3, 149.1, 
136.1, 131.8, 128.6, 128.1, 127.7, 127.4. 125.3, 124.1, 124.0, 
123.1, 123.0, 117.9, 114.9, 110.9, 86.0, 71.1, 66.7, 60.3, 
59.6, 56.2, 37.1, 31.5; MS (EI), m/z (relative intensity) 482 
<M- + 2, 4), 481 (M- ♦ 1, 10), 480 (M* - , 26), 449 (4), 378 
(12), 347 (7), 341 (7), 340 (25), 339 (4), 284 (4), 282 (10), 
143 (4), 141 (13), 131 (6), 112 (24), 110 (4), 94 (10), 92 
(9), 91 (100), 80 (4), 70 (5), 69 (7), 65 (4), 58 (11), 57 
(29); exact mass calcd for C„H„NA m/e 480.1897, obsd m/e 
480.1886. 
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gxarople 1 (e) : Synthesis of th» a .C8-Di m «t-hr,vY-^- 
Methoxycarbonylinethvl PB n an-SJG U1. t qp2065> Fjg srg jj 




(2S) (4R) -w- (4, 5-Dimethoxy-2-nitrobenzoyl) -2- ( tert- 
butyldimethylsilyioxymethyl ) -4-hydroxypyrrolidine ( 35 ) 

A catalytic amount of DMF (2 drops) was added to a stirred 
solution of the nitro-acid 34 (12.45 g, 54.8 mmol) and oxalyl 
chloride (5.75 mL, 8.37 g, 65.9 mmol) in CH a Cl 3 (300 mL) . 
After 16 hours at room temperature the resulting acid chloride 
solution was added dropwise over 4.5 hours to a stirred 
mixture of the amine 2 (12.65 g, 54.8 mmol) and TEA (13.86 g, 
19.1 mL, 137 mmol) in CH,C1 2 (300 mL) at 0°C (ice/acetone) 
under a nitrogen atmosphere. The reaction mixture was allowed 
to warm to room temperature and stirred for a further 2.5 h. 
The mixture was washed with saturated NaHCO, (300 mL) , 
saturated NH t Cl (300 mL) , H,0 (250 mL) , brine (300 mL) , dried 
(MgS0 4 ), filtered and evaporated in vacuo to give the crude 
product as a dark orange oil. Purification by flash 
chromatography (80% EtOAc/ Petroleum Ether) isolated the pure 
amide 35 as a sticky orange oil (18.11 g, 75%): [«]"„ = -105.7° 
(c = 1.17, CHC1,),- >H NMR (270 MHz , CDC1,) (Rotamers) 6 7.71 and 
7.68 (s x 2, 1H), 6.86 and 6.79 (s x 2, 1H) , 4.50 and 4.38 (br 
s x 2, 2H), 4.13-4.10 (m, 1H) , 3.98 (s, 3H) , 3.94 (s, 3H) , 
3.78-3.74 (m, 1H) , 3.35-3.27 (m, 1H) , 3.07 (d, 1H, J= 11.17 
Hz), 3.01-2.79 (br s, IH) , 2.35-2.26 (m, IH) , 2.11-2.04 (m, 
1H), 0.91 and 0.81 (s x 2, 9H) , 0.10, 0.09, -0.07, and -0.10 
(s x 4, 6H); "c NMR (67.8 MHz, CDCl.) (Rotamers) 5 166.6, 154.2 
and 154.1, 149.3 and 148.9, 137.5, 128.0, 109.2, 107.1, 70.1 
and 69.4, 64.7 and 62.5, 59.0 and 54.9, 57.3, 56.6, 56.5, 37.4 
and 36.3, 25.9 and 25.7, 18.2, -5.4, -5.5 and -5.7; MS (EI), 
m/z (relative intensity) 440 <M»-, 2), 426 (9), 386 (4), 385 
(20), 384 (65), 383 (100), 367 (4), 320 (4), 308 (7), 295 (8), 
286 (5), 211 (15), 210 (100), 194 (12.)., 180 (4), 165 (17), 164 
(8), 137 (4), 136 (25), 121 (4), 93 (6), 91 (9), 82 (6), 75 
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(2S) (4R)-W- [ (2-Allyloxycarbonylamino) -4, 5-dimethoxybenzoyl) -2- 
( tert-butyldimethylsilyloxymethyl ) -4-hydroxypyrrol±dine ( 37 ) 

A solution of the amine 36 (16.03 g, 39 mraol) in CH.Cl, (450 
mL) was cooled to 0«C (ice/acetone) and treated with pyridine 
(6.94 mL, 6.78 g, 85.8 iranol) . A solution of allyl 
chloroformate (4.35 mL, 4.94 g, 40.95 mrool) in CH.Cl, (90 mL) 
was then added dropwise to the stirred mixture. The reaction 
mixture was allowed to warm to room temperature and stirred 
for a further 1.5. h, at which point TLC (EtOAc) revealed 
complete consumption of amine 36. The reaction mixture was 
washed with saturated CuSO. (300 mL), H,0 (300 mL) , brine (300 
mL), dried (MgSO.). filtered and evaporated in vacuo. The 
crude residue was purified by flash chromatography (35% 
EtOAc/Petroleum Ether) to afford the pure alloc-amino compound 
37 as a clear oil (16.78 g, 87%) : [«]»„ = -93.35 0 (c = 0.27, 
CHC1,); *H NMR (270 MHz , CDC1.) (Rotamers) 5 8.93 (br s, 1H) , 
7.72 (s, 1H), 6.77 (s, 1H) , 6.01-5.87 (m, 1H) , 5.34 (dd, 1H, J 
= 17.22, 3.12 Hz), 5.23 (dd, 1H, J = 10.44, 1.29 Hz), 4.63- 
4.55 (m, 3H), 4.40-4.38 (m, 1H) , 4.15-4.08 (m, 1H) , 3.91 (s, 
3H), 3.81 (s, 3H), 3.62-3.55 (m, 3H) , 2.34-2.24 (m, 2H) , 2.07- 
1.99 (m, 1H), 0.89 (s, 9H) , 0.05 and 0.04 (s x 2, 6H) ; »C NMR 
(67.8 MHz, CDC1,) (Rotamers) 5 169.5, 153.8, 150.9, 143.8, 
132.5, 118.0, 115.9, 111.0, 104.6, 70.5, 65.8, 62.2, 59.0, 
57.2, 56.2, 56.0, 35.7 and 31.1, 25.8, 18.1, -5.4 and -5.5; MS 
(EI), m/z (relative intensity) 496 (M* - + 2, 6), 495 (M*- + 1, 
18), 494 (IT. 50), 439 (11), 438 (29), 437 (100), 380 (4), 379 
(14), 337 (13), 336(4), 265 (15), 264 (91), 263 (4), 258 (6), 
224 (4), 223 (15), 220 (11), 212 (7), 208 (4), 207 (11), 206 
(75), 192 (5), 180 (20), 179 (18), 174 (15), 172 (4), 164 (7), 
156 (5), 152 (5), 150 (6), 136 (4), 99 (9), 86 (16), 75 (10), 
73 (11), 57 (6),- IR (CHClj) 3337 (br) , 2952, 2930, 2857, 1733, 
1600, 1522, 1458, 1420, 1399, 1327, 1288, 1261, 1229, 1203, 
1165, 1121, 1039, 1004, 931, 836, 777, 668 cm"; exact mass 
calcd for C„H„N,0,Si m/e 494.2448, obsd m/e 494.2365. 

(2S) -N- 1 (2-Allyloxycarbonylam±ao) -4, 5-dimethoxybeazoyl) -2- 
( tert-butyldimethylsilyloxymethyl) -4-oxopyrrolidine (38) 

A solution of DMSO (7.24 mL, 7.97 g, 102 mmol) in CH.C1, (150 
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»«' 334 (8,, 294 (B 265 ' (9 5 (11) ' 336 < 6 '< 335 

220 c«>.a M ( 7 ,,2o ' ( 5 ' ; 1 1 (50, ' 2S0 < 5 >< 22 3 
59 '",,58 (62 ' * ' (6) ' 75 (20) ' 73 (33 >- 

3086, 301*. 2954 , 2932 ; 8S8 ' 1R (NEAT) 333 7 (br , „, , 

1052 ' 1038 ' lo ° 4 ' 9 -' « a io ; 1166 ' 1110 ' 

exact mass calcd for c a moc- 621 ' 600 

492. 2349 . C « H »NASx a/e 492 . 2292> obsd 
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2S) -S- 1 (2-Allyloxycarbonylamino) -4, 5-dimethoxybenzoyl] -2- 

( tert-butyldimethylsilyloxymethyl ) -4- (methoxycarbonylmethyl ) - 

2,3-dihydropyrrole (39) 

Petroleum ether (70 mL) was added to a sample of NaH (0.41 g 
of a 60% dispersion in oil, 10.16 mmol) and stirred at room 
temperature under a nitrogen atmosphere. After 0.5 hours the 
mixture was allowed to settle and the Petroleum Ether was 
transferred from the flask via a double- tipped needle under 
nitrogen. THF (60 mL) was added to the remaining residue and 
the mixture was cooled to 0°C (ice/acetone) . The cool solution 
was treated dropwise with a solution of 

methyldiethylphosphonoacetate (1.86 mL, 2.14 g, 10.16 mmol) in 
THF (60 mL) under nitrogen. After 1.5 hours at room 
temperature, the mixture was cooled to 0°C and treated dropwise 
with a solution of the ketone 38 (2.0 g, 4.07 mmol) in THF (36 
mL) under nitrogen. After 16 hours at room temperature, TLC 
(20% EtOAc/Petroleum Ether) revealed reaction completion. The 
THF was evaporated in vacuo and the mixture partitioned 
between saturated NaHCO, (100 mL) and EtOAc (100 mL) . The 
layers were separated and the aqueous layer extracted with 
EtOAc (2 X 100 mL) . The combined organic layers were washed 
with H,0 (100 mL) , brine (100 mL) , dried (MgSO«) , filtered and 
concentrated in vacuo to give a dark red oil. Purification by 
flash chromatography (15% EtOAc/Petroleum Ether) furnished the 
endo-ester 39 as a golden oil (1.63 g, 73%): >H NMR (270 MHz, 
CDC1,) (Rotamers) 6 8.82 (br s, 1H) , 7.86 (s, 1H) , 6.79 (s, 
1H), 6.46 (br s, 1H), 6.03-5.89 (m, 1H) , 5.39-5.32 (m, 1H) , 
5.24 (dd, 1H, J = 10.44, 1.28 Hz), 4.70-4.59 (m, 3H) , 3.99- 
3.61 (m, 11H), 3.08 (s, 2H) , 2.91-2.82 (m, 1H) , 2.75-2.66 (m, 
1H), 0.92-0.79 (m, 9H) , 0.12-0.03 (m, 6H) ; "C NMR (67.8 MHz, 
CDC1,) (Rotamers) 6 170.7, 165.8, 153.5, 151.3, 143.7, 132.8, 
132.5, 128.2, 118.1, 118.0, 117.9, 111.3, 104.3, 65.7, 62.3, 
59.5 and 59.4, 56.4, 56.0, 52.0, 34.7, 33.9, 25.8, 18.1, -5.4; 
MS (EI), m/z (relative intensity) 549 (M*- +1, 7), 548 (M*\ 
17), 525 (13), 507 (14), 492 (6), 491 (18), 489 (8), 449 (7), 
347 (11), 287 (6), 286 (20), 285 (82), 265 (10), 264 (51), 263 
(9), 244 (9), 242 (7), 228 (19), 227 (8), 226 (18), 224 (6), 
223 (22), 220 (12), 208 (6), 207 (18).. 206 (100), 192 (7), 180 
(18), 179 (21), 168 (16), 164 (10), 152 (13), 150 (8), 141 (8), 
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140 (73 >< "9 (13), 136 (6) 108 (G) QQ 

(6); exact mass r^i^ * 
548.2554, obsd 548.2560 W,O.Si «/. 

(25) ■* f (2-All yaoxyoarbonylami 

C- t ho^ carboayllnethyl) . 2f 3 - dihydropyrrole 

A solution of the silyi ether 39 « „ , 

U2.6 was treate(J «•« 9'2.97 nuool, in THF 

acid ,38 mL). Afcer 2 hou J r* 0 mL) 311(3 facial acetic 

> («0% E tO A c/Petro leum Et ^7 s^oZ^ T TLC 
starting material The P c °™Pti°n of 

- PWiS e with . solution :r;:::~* ace) - — 

The aqueous solution was ext. 7* " H '° < 616 mL) ' 

coined organic ZJT E ^^° '3 X 150 and 

ix.0 ^x,, dried z , f %r hed with h '° (i5 ° ->< 
~ t 0 9ive the c ^ziTi: d and concentrated in 

MS (EI,, „. (relative 1 " ^ ° U 9 ' 

347 (5 , 317 U " ! ^ *" ^ + l ' 6 ><"« 

< 8 ><-< 265 (8, ' 2s4 <^ 2 « 

™ «>. 1.0 (18>, 17 ' ( ( ; ^ (9> 207 (15 ><206 (94), 

« «7, r f u 5) 12, ; 36 171 (100) ' 164 ,12, < 

< 6 >' 80 (1 2) , 69 (?) ' 40 (53) ' 136 < 9 >' H2 (11,. 108 

"4.1689, o b ; d " / r« 4 e :; 0 C 6 t maSS CalCd <~ «M 

(US ' llaS) - 10 -*"yloKycarboayl- 7 8 _ aw „ 

A solution of DMSO (0.75 mL, 0.82 a los „ 

-W «- added dropwise over 1 hour 1 * ^ ' 22 

oxalyl chloride „.„ ^ of ^7'° t0 3 solution of 

- -«•* (u^.chioroLii^irr in ch>ci " s - 26 

a-osphere. After stirring ^ ^ ^ • — 

alcohol 40 (1. 27 g , 2>92 ( L ' n ° f ^ 

dropwise over 1 hour at -45V I ' *** 

—re was treaced dropwise .l. TlolT 11 " 68 " - 45 ° C ' * 
S. 12.29 M) in CHC1 * f 3 S ° 1Uti0n ° f ^ ,1. 71 mL , 

**« a further 30^ ^ " ^ 

nutes, the reaction mixture was allowed to 
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warm to room temperature and was diluted with CH,C1, (20 mL) , 
washed with IN HC1 (100 mL) , H.O (100 mL) , brine (100 mL) . 
dried (MgSOJ, filtered and evaporated in vacuo. TLC (80% 
EtOAc/Petroleum Ether) of the crude material revealed reaction 
completion. Purification by flash chromatography (55% 
EtOAc/Petroleum Ether) furnished the protected carbinolamine 
41 as a white glass (0.68 g, 54%) : [«)» = +2 19.78 ' (c = 0 12 
CHCl,); *H NMR (270 MHz, CDCl,) 8 7.23 (s, IH) , 6.91 (s, IH) , 

6.70 (s, IH), 5.90-5.80 (m, 2H) , 5.17-5.13 (m, 2H) . 4.70 (dd, 
IH, J= 13.37, 5.31 Hz), 4.50-4.43 (m, IH) , 3.98-3.75 (m, 8H) , 

3.71 (s, 3H), 3.20-3.05 (m, 3H) , 2.75 (d, IH, J= 17.04 Hz); 
"C NMR (67.8 MHz, CDCl,) 5 170.7, 163.3, 155.9, 151.1, 148 5 
131.7, 128.3, 126.2, 124.7, 118.1, 117.6, 112.6, 110.6, 86. o' 
66.8, 59.4, 56.2, 52.1, 37.0, 33.7; MS (EI), m/z (relative 
intensity) 434 (M** + 2, 6), 433 (M- + 1, 21), 432 (M-, 74), 
414 (8), 373 (14), 329 (7), 293 (20), 292 (20), 265 (19), 264 
(100), 263 (33), 248 (25), 224 (6), 223 (25), 220 (14), 209 
(8), 208 (52), 207 (24), 206 (92), 192 (15), 191 (6), 190 (7), 
180 (18), 179 (23), 169 (23), 165 (10), 164 (17), 152 (12), 
150 (14), 149 (8), 141 (9), 140 (60), 136 (11), 125 (6), 120 
(5), 110 (8), 108 (15), 81 (9), 80 (45), 57 (7); IR (CHCl,) 
3385 (br), 2918, 2849, 1707, 1625, 1605, 1516, 1457, 1436, 
1405, 1311, 1282, 1245, 1217, 1172, 1116, 1046, 1001, 968, 
933, 874, 855, 666 cm" 1 . 



(Has) -7,8-Diaethoxy-2- (methoxycarbonylmethyl ) -1, 2, 3. 11a- 
tetrahydro-5H-pyxrolo[2,l-c] [l,4]benzodiazepin-5-oae (42, 
OT2065, AN-SJG) 

A catalytic amount of tetrakis (triphenylphosphine) palladium 
(44.0 mg, 38.0 jtmol) was added to a stirred solution of the 
Alloc-protected carbinolamine 41 (0.66 g, 1.53 mmol) , 
triphenylphosphine (20.0 mg, 77.0 Mmol) and pyrrolidine (114 
mg, 1.60 mmol) in CH,C1, (100 mL) . After 2 hours stirring at 
room temperature under a nitrogen atmosphere, TLC (99% 
CHCl,/MeOH) revealed the complete consumption of starting 
material. The solvent was evaporated in vacuo and the crude 
residue was purified by flash chromatography (98% CHCl./MeOH) 
to afford the PBD (42, an-SJG, OT2065) as an orange glass 
which was repeatedly evaporated in vacuo with CHCl, in order to 
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Provide the N10 -cil imine form 

= 1-00, CHC1 J); * ^ (270 ^ ^ 95%): ( °""» " *«01. 8 « • 

7 - *».«.* ,.. ih,, 6 . 8 T; s c " 1 ; ,5 4 4 8 - 7 - 85 (ra - ih) ' 

3 -95 (s, 3H,, 3.93 (3, 3H> 3 74 34 " 4 ' 27 (m ' lH) • 

16 -<* Hz), 3. 24 ( S 2H> \ \ ' 3H> ' 3 " 34 <d ' 

~.> a 170.6, 162 7 i« r ° 1H,; " CNMR <67 - 8MH - 

1M.0, 117 4 m" ; ' 1S1 - 8 ' U7 - 7 ' 140 ^' 126.5, 

33.6; MS (EI ) m/g '1 T"'* ^ »^ 

r»rj~„ ta ^«« -331 

W. 271 (24) , 270 (U) ' 2 ' 69 32 27 28, ; fi 328 "3 (1 8) , 272 

>« ««. - (7) , 7 7' 257 «)• (5). 

3329 ( br) , 311 2 , 2952 , 2842( J ° 5 (5); IR (C HC1,, 

"36, 1381, 1356, 1246 121 „ ' ' ^ ^ 1453 < 

™. 786, 666, 620, 5 4 3 ^ 1096 ' ^ ™' 

«• 330.1216, obsd a/e ; 30 " 7 23 c ; - exact — «- ^ 
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MeO 

1'. 3'- Bis( 4. car ^-2-»etho WW ^ )prop ^ ^ 

A solution of diiodopropane (8.79 g , 29 .7 n^l, i„ „ (50 
*1. was added aropwise over a period of 4 hou s to7 

reflux for 48 hours in the dark the * " 

washed with hexane (3 x 100 ^' ^ PenS1 ° n C0 ° led ' 
evaporation in vacu Tfl ,°° *' "* ^ »» — d hy 

1 cone, hci residue was acidifiea to * 

filtration, dried and recry Z^aT^ » 

white crystalline solid ,9 4 g 84T ^ ^ " 3 

«»«>-*): 5 2.23 (t 2H a « „ ^'O^ *-«* 

<*' J - 6.0 Hz, H13,, 3.80 (s, 6H, CB.O, , 
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4.20 <t, 4H, J = 6.0 Hz, H12) , 7.09 (d, 2H, J = 8.4 Hz, H10) , 
7.45 (d, 2H, J = 1.8 Hz, H6) 7.54 (dd, 2H, J = 8.4 Hz, 1.8 Hz, 
H9), 12.76 (bs, 2H, CO,H); "C-NMR (DMSO-d.) 5 28.4 (C13) , 55.4 
(CH,0), 64.8 (C12), 111.9 ( C 9) , 112.0 (C6) , 122.9 (CIO) , 123.0 
(Q), 148.3 (Q), 151.6 (Q), 167.0 <C=0) . IR (KBr) : v = 3600- 
2000, 1680 (C=0), 1600 (C=C) , 1515, 1465, 1430, 1345, 1310, 
1270, 1225 (C-O-C), 1180, 1140, 1115, 1030, 990, 970, 950, 
925, 875, 850, 825, 765, 725, 645 cm"*. MS (EI) : m/z (relative 
intensity) 376 <M", 28), 360 (3), 249 (2), 209 (45), 165 (29), 
153 (16), 151 (19), 137 (19), 121 (7), 78 (15), 44 (100); 
HRMS: Calcd for C lt H„0, = 376.1158 found 376.1168. 

1 ' , 3 ' -Bis (4-carboxy-2-methoxy-5-nitrophenoxy)propane (44) 

The diacid 43 (2.0 g, 5.30 mmol) was added portionwise to 
cone. HNO, (40 raL) at -10°C and stirred to room temperature 
over 12 h. The reaction mixture was poured on to ice (400 mL) 
and the resulting precipitate collected by filtration, washed 
with ether (3 x 50 mL) and dried to afford the nitro acid 
(121) as a yellow solid (1.73 g, 70%). m.p. 243-246°C. "H-NMR 
(DMSO-d,): 5 2.25 (t, 2H, J= 5.9 Hz, H13) , 3.90 (s, 6H, CH,0) , 
4.27 (t, 4H, J = 5.9 Hz, H12), 7.29 (s, 2H, H6) , 7.62 (s, 2H. 
H9>, 13.6 (bs, 2H, CO,H). "C-NMR (DMSO-d.) 5 28.0 (C13) , 56.3 
(CH.O), 65.7 (C12), 108.0 (C9) , 111.2 (C6) , 121.1 (C5), 141.3 
(Q), 149.1 (C8), 151.7 (Q), 165.9 (C=0) . IR (KBr) : v = 3620- 
2280, 1700 (C=0), 1595 (C=C) , 1570. 1515 (NO,), 1460, 1415, 
1350 (NO,), 1270, 1210, 1180, 1135, 1045, 930, 880, 810, 750, 
730, 645 cm' 1 . MS (EI): m/z (relative intensity) 467 (MH'-, 1), 
450 (1), 436 (3), 423 (8), 378 (4), 268 (1), 255 (4), 236 (4), 
210 (7), 194 (2), 182 (7), 164 (14), 153 (2), 123 (3), 91 (6), 
77 (3), 55 (5), 44 (100). HRMS (EI) m/z calcd for C^H^O,, = 
466.0860 found 466.0871. 



<2S,4H) -W- (Benzoxycarbonyl) -2-carbo^-4-hydroxypyrrolidlne 
(45) 

A solution of benzyl chloroformate (12.5 mL, 87.7 mL) in 
toluene (40 mL) was added to a solution of trans- 4 -hydroxy-L- 
proline 11 (10 g, 76.3 mmol) and NaHCO, (16 g, 190 mmol) in H a O 
(165 mL) over a period of 15minutes. After stirring at room 
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temperature for 12 hours the ► 

separate. The aqueous oh ^ aU ° Wed to 

-o ' coo,.:;: r::; s r: with — « 

««, cone. HC1. The resultanfc ' ^ then acid ^ed to p„ 2 
5 **! ace tate (5 x 50 ^ - —tea with 

« (MgS04) and the exc ; s h ;; o 7 bined 

*> *«°rd a colourless viscou C s eS o S i S ° 1Vent ^Porated Xn vacuo 
(c 0.1, MeOH) . W... 

10 s.n C 2H( minor and ma ; r 4 ; - * ». HX la) , 5 , ^ 

2H ' 7. 26 . 7 . 29 and 7 32 7 34 T S ° f 1:2> ' 6 -° 

rotamers of H arom , 1>2 ' (m ' 5H ' min °r and major 

(0H >< "«* (0=0,, 1495 , 142 3^" film,: V = 3414 <°*>< 2940 
U80, U74, U27, 1082 10SJ q (C0, " , ' 1314 < »»• 120S , 

,6, < 220 »>. i 76 as,, ; o ;;; T:; nsity,: 266 <*-> «. « 

68 'ID- HKMScalcd. for c ^ ' «>-»«00,, 86(4) , 

C tJ H lsNOl = 265 . 0950 found 265 0976 

hydroxyp roIllle (46) 2 ^^Wcarfaonyx.,. 

20 A solution of (2S 4i?\ 

(3 °° *> — heated at reflux £ J"' - 01 ' in ^ "ethane! 
* ««ytic ^ of conc " hOU - *» the Preaence of 

-action mi xture Wfls * 7 . 63 mol) . 

25 neut «Used with Et 3 N ( 3 o «, J? temp erature .nd 

mixture w as concentrated in « mI " 0l, ' reaCtion 
in eth.1 acetate (200 ^ T,^ ^ 

«- (MgS04) ^ excegs } ' Washsd brine ,1 , 5 , ^ 

to afford a coiourless gure (^""T ^ P — 

1H. rotamers of H1< 1 " 5 2 '°^-0B and 2.24-2.35 (m, 

3H, rotamers of o«e, I , " ' lH ' ° H) ' 3 " S * — 3.7 4 

<»• 2H, 82, Hlla,, s 07-5 J' " ^ 4 - 47 - 4 -*> 

■«->■ "CNHR (c DC1 ,. ' ^ 86) ' 7 -26-7.35 (m , 5H , H 

".V rotamers of (C3) , 57 . 4 ^ «* <~) . S4.1 .nd 

«* 67.0 rotamers of («) fiB ! rot ^ers of («,, 66 . 9 

127 -°< 127.3, 127 . 4 J' 7 — 6 ^ -tamers of (cUa, , 
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(C arom). IR (thin film): v = 3435 (OH), 3033, 2953 (OH), 
1750 ( ester), 1680 (C=0) , 1586, 1542, 1498, 1422, 1357 (CO,H) , 
1170, 1124, 1084, 1052 (C-O) , 1004, 963, 916, 823, 770, 750, 
699, 673 cm". MS (FAB) m/z (relative intensity): 280 (M*\ 24), 
236 (20), 234 (4), 216 (8), 214 (4), 213 (2), 206 (2), 204 
(7), 203 (4), 202 (10), 201 (2), 181 (5), 144 (16), 102 (23), 
91 (100). HRMS calcd. for C u H„NO s = 279.1107 found 279.1192 

(2S,4R) -w- (Benzoxycarbonyl) -2-hydroxymethyl-4-hydroxyproline 
(47) 

Lithium borohydride (1.57 g, 73 mmol) was added portionwise to 
a solution of (2S, 4R) -N- (benzoxycarbonyl) -2-methyoxycarbonyl- 
4-hydroxyproline (46) (20.17 g, 73 mmol) in THF (350 mL) at 
0°C. The reaction mixture was allowed to warm to room 
temperature and stir overnight. The resulting suspension was 
cooled to 0°C and quenched with water (2-3 mL) until 
effervescence ceased, at which point 2 M HC1 (15 mL) was added 
to dissolve the precipitate. The product was extracted with 
ethyl acetate (3 x 150 mL) and the combined organic phases 
washed with brine (1 x 100 mL) and then dried (MgSOJ . 
Concentration in vacuo afforded a white gum (18.25 g„ 100%). 
[«]"•».» -404" (C = 0.043, CHC1,). 'H NMR (CDC1,) : 5 1.24-1.26 
(m, 1H, HI), 1.73-2.08 (m, 1H, HI), 3.40-4.30 (m, 6H, H2, H3, 
Hll, Hlla), 5.O6 (bs, 1H, OH), 5.09 (s, 2H, H6) 7.25-7.31 (m, 
5H, H arom). »C NMR (CDC1 S ) : 5 36.7 (CI), 55.2 (C3) , 58.7 
(C2), 65.0 (Cll), 67.0 (C6) , 68.7 (Clla) , 127.0, 127.5 (C 
arom), 127.8 (C arom), 128.2 (C arom). IR (thin film) : v = 
3390 (OH), 3065, 3033, 2953 (OH), 1681 (C=0 carbamate), 1586, 
1538, 1498, 1454, 1192, 1122, 978, 914, 862, 770, 698, 673 cm' 

MS (FAB) m/z (relative intensity): 252 (M* - , 58), 208 (33), 
176 (5), 144 (6), 118 (8), 116 (7), 92 (13), 91 (100). HRMS 
calcd. for C u H„NO, = 251.1158 found 251.1230. 

(2S / 4U)-w-BenzoHycarbonyl-2-t-butyldimethylBilyloxymethyl-4- 
hydroatypyrrolidlne (48) 

t-butyldimethylsilyl chloride (5.78 g, 38.3 mmol) and 1,8- 
diazabicyclo[5,4,0)undec-7-ene (1.44 mL, 9.6 mmol) were added 
to a solution of alcohol (47) (12.51 g, 49.8 mmol) and 
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- ~ 9 raixture i^r" i::r~- 

for 18 hours and th en d il uted with . ' 
5 The organic phase was washed wLh a (3 °° ^ ' 

chloride , 2 x 100 ^ TT- saturated anuuoniu* 

■«'• 1:1), 1352,,, " ' r ° tamers °f H3-, H5', 

»* (CDClj) : rotainer ratiQ • 4 " 7 - 35 5H < « axon,, » C 

"■IS (CM. 25.83 (CI' C2' 36 ' « ^ 

(CI) , 55 2 and 55 7 ' '* "* 37 " 27 r ° taniers of 

and 55 - 7 rotamers of (C3) n 1 

« :r; ct ; - ~ 

— - «... ».7 - ot (cll . K 12 ; 8 

,c 136 . 5 M ;; 6 r„ t i": ',c, 2 , 8 ' 4 ji r - 128 - 5 

rocamar. of ,c!) IE , thl „ ,., ' '' lS4 ' 5 «"> "5-2 

1424, 1360 (C-CH, "*•-<*> , 15,7, „„, 

- "r/ciTl , 1M3 ' *"' 636 ' ™' 7si - 



»*ted to , .olotioo of TBDMS «h« „ ,„ „ , . 

•thafiol (100 «L|. Th « „,„, . 5 -» ""OH In 

app.racos, for 6 h ' ~" hyto '-»«" l«= 

flit,,.- Ca " lySt ce "™«<* * vacoo. 

~ :r :™:: - — — - — 

— ...» o, ioo ' „ r : i; ln 

(CDCl,): 5 -(0.07-0.08) ,1 ^ " ' l^^> ' 

3.47-3.50 ,„ ,„ ' , ''' 2 -'»- 3 -« 2H, BU, , 

un» Hlla, H3), 4.09 fbs iw »«, 

*.u^ (ds, 1H, NH or OH) , 4.32 
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{bs, 1H, NH or OH). "C NMR (CDC1,) : 5-5.4 (C3', C5', C6') f 
18.1 (C4'), 25.8 (CI' , C2'), 37.4 (CI) , 54.6 (Cll) , 58.1 (C2), 
64.6 (C3), 72.2 (Clla) . IR (thin film): v = 3330 (OH), 2928, 
2857, 1557, 1421, 1331 (C-CH,) , 1249 (CH,-Si) , 1204 (t-Bu) , 
1191 (t-Bu), 1100 (Si-O),1073, 993, 713 cm" 1 . MS (CI) m/e 
(relative intensity): 232 (M**, 100), 230 (13), 174 (5), 133 
(6) , 86 (6) . 

1# 1' - [ t (Propane- 1, 3-diyl)dio3cy]bis [2-n.itro-5-methoxy-l,4- 
phenylene)carbonyl] ] -bis [ (2S,4J?) -2- 1- 
butyldimethylsilyloxymethyl-4-»hydroxypyrrolidine (49 ) 

A catalytic amount of DMF (2 drops) was added to a stirred 
suspension of bis-nitroacid (44) (2.00 g, 4.28 Hanoi ) and 
oxalyl chloride (0.94 mL, 10.70 mmol) in dry THF (20 mL) , and 
the reaction mixture was allowed to stir for 4 h. After 
evaporation of excess THF in vacuo, the resultant yellow 
residue was dissolved in dry THF (20 mL) and added dropwise 
over a period of 25minutes to a vigorously stirred suspension 
of amine (2) (2.47 g, 10.70 mmol), Et,N (2.50 mL, 17.9 mmol) 
and ice/water (0.6 mL) cooled in an ice bath. The mixture was 
then allowed to warm to room temperature for a further 1.5 h. 
After removal of the THF by evaporation in vacuo, the residue 
was diluted with water (100 mL) and extracted with ethyl 
acetate (3 x 100 mL) . The combined organic phase was washed 
with water (3 x 25 mL) and brine (3 x 25 mL) , dried (MgSOJ , 
and the solvent removed in vacuo to afford a yellow oil which 
was purified by flash chromatography (3% MeOH/CHCl s ) to afford 
the bis-amide (49) as a yellow solid (2.05g, 54%). [a}"* i D = - 
993° (c 0.033, CHClj) . *H NMR (CDC1,) : 5 -0.05 (s, 12H, HI', 
H2'), 0.80 (s, 18H, H3', H5 ' , H6'), 1.96-1.99 (m, 2H, HI), 
2.14-2.16(xn, 2H, HI), 2.19-2.24 (m, 2H, H13), 2.85-2.89 (m, 
2H, H2) 3.16-3.19 (m, 4H, Hll), 3.63-3.66 (m, 4H, H3) , 3.81 
(s, 6H, OMe), 3.99-4.10 (m, 2H, H3) , 4.23 (t, 4H, J = 5.3 Hz, 
H12), 4.38 (bs, 2H, OH); 5.20-5.25 (m, 2H, Hlla) , 6.65 (s, 2H, 
H6), 7.55 (s, 2H, H9) . "C-NMR (CDCl,) : 5 -5.35 (CI', C2'), 
18.2 (C4'), 25.8 (C3', C5', C6'), 28.9 (C13) , 36.1 (CI), 54.9 
(CH,0), 56.6 (C4), 57.3 (C12) , 65.0 (C3), 70.0 (C2) , 108.0 
(C6), 109.4 (C9), 128.2 (Q) , 137.2 (Q) , 148.1 (Q) , 148.5 (Q) , 
154.5 (Q) , 166.5 (Q) . ir (thin film): v = 3392 (OH), 2950, 
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2856, 1623 (C=0) 1577 m 

- ™z. , * 9 t. ,t i4ss ' 

"1. ™ (91. 7,1 , 6) "„ 3 '"' S ' ' " 3 "» «l. 83= 

A slurry of 10% Pd/c nsq ■ 

added to a solution o^! " ^ ' 2 ° ^ "» 

in ethanol (100 J", ^ — «) «.M „. l.„ 
(Parr apparatus) for „ J ""^.^ 
through celite and the . " miXtUre W * S filte " d 

* 100%). » H NMR (coci " ^eld . (X.44 

18H. ... B«' 2 oo 25 ° ^ 12H ' H1 '' »'»• C 

-H, H 2 , H3, HU, 3 i 5 ( 3 - 5 °- 3 - 72 * 

»». 4-30-4.35 (m , 4H HX 2 , V « ^ ' 4 - 16 " 4 - 2 ° 4H ' 
B9) « « , ' (b5 ' 2H ' 0H >> 6-23 <s 2H 

H9). 6.64 (s, 2H. H6) » C -NMR (CDC1 \ , * c c ' 

1175 (t-Bu, 1117 ' ^ 1261 <CH '- Si >' 12 32 (t-Bu). 
my # 1056, 1006, 866 R^q -77.: 

1. 1 ' - 1 1 (Propane-l, 3-diyi ) dioxy] bi B r 5 „«., 

5-*etho*y-i 4- Bhe n Vl aiWqr]ble "-a^-W-allylo^arbonyl- 

butyiai»ethylsilyioxymethvl-4 h«, t,2S '«*> 2-C- 

xyaethyl-4-hyaroiiy.pyrrouai^ (51) 

s °l ut i°n of the bis-amide (50) (2 76 a , ,1 

pyridine (l.ao mL. 13 60 „ , ,,,^l0l, "* 

cooled to o-c Aull JL I " ^ W (10 ° mL ' - S 

added drop W1 se and the resulting fixture allowed 
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to warm to room temperature and stirred for 16h. The reaction 
mixture was diluted with DCM (200 mL) and washed with 1 M CuS0 4 
(3 x 50 mL), water (1 x 50 mL) and brine (1 x 50 mL) before 
drying (MgSOJ . Evaporation of the solvent under reduced 
pressure followed by flash column chromatography (2.5% 
MeOH/DCM) afforded (51) as a yellow solid (3.24 g, 97%). 
[a] 20 ' 1 ^ -571° (c 0.007, CHC1,) . *H NMR (CDC1,) : 5 0.00 <s, 
12H, Hi' , H2'), 0.89 (s, 18H, H3 ' , H5', H6'), 2.03-2.36 (m, 
6H, HI, H13), 3.51-3.58 (m, 6H, H2, H3) , 3.77 (s, 6H, OMe) , 
4.20-4.26 (m, 8H, Hll, H12) , 4.28-4.30 (m, 2H, Hlla) , 4.56- 
4.60 (m, 6H, H8', OH), 5.25 (dd, J M « 1.5 Hz, J„ = 15.0 Hz, 
4H, H10<), 5.90-5.95 (m, 2H, H9') , 6.73 (s, 2H, H6) , 7.63 (s, 
2H, H9), 8.80 (s, 2H, NH) . "C NMR (CDC1,) : 5 -5.42 (CI', C2'), 
25.8 (C3', C5', C6' ) , 29.2 (C13) , 35.4 (Cl) , 56.3 <CH,0) , 57.1 
(Clla), 59.8 (Cll), 62.2 (C3) , 65.1 (C12), 65.7 (C8'), 70.5 
(C2), 106.3 (C9), 111.5 (C6), 116.5 (Q) , 118.1 (C10'), 131.7 
(Q), 132.5 (C9'), 144.3 (Q) , 150.3 (Q) , 153.8 (Q) , 169.5 (Q) . 
IR (neat): v = 3351 (OH), 2931, 2857, 1762 (Alloc C=0) , 1722, 
1603 (C=0), 1521 (C arom), 1463, 1404, 1264 (CH,-Si) , 1222 (t- 
Bu), 1106 (t-Bu), 1053, 1015, 936, 872, 837, 775, 629, cm". 

1,1'- [ { (Propane-l # 3-dlyl)dioav]bis[2-amino-W-allylo3«ycarbonyl- 
5-raethoacy-l, 4-phenylene) -carbonyl] ] -bis [ (2S) - 2- 1- 
butyldimethylsilyloxymethyl-4-oxo-pyrrolidlne ( 52 ) 

A solution of dimethyl sulphoxide (2.10 mL, 28.5 mmol) in dry 
DCM (20 mL) was added dropwise over a ISminutes period to a 
stirred, cooled (-45°C) solution of oxalyl chloride (1.27 mL, 
14.60 mmol) in DCM (30 mL) . After 35minutes, a solution of 
alcohol (51) (2.54g, 2.53 mmol) in DCM (20 mL) was added 
dropwise over a period of 15minutes to the reaction mixture at 
-45°C. After 45minutes a solution of t rie thy 1 amine (5.75 mL, 
40.3 mmol) in DCM (20 mL) was added over a period of ISminutes 
and the reaction mixture stirred at -45°C for 30minutes before 
warming to room temperature over 45minutes. The mixture was 
then washed with 1 M CuS0 4 (3 x 50 mL) , water (2 x 50 mL) and 
brine (1 x 50 mL) before drying (MgSOJ and concentrating in 
vacuo to give (52) as a yellow solid (2.46g, 97%). 1 H NMR 
(CDC1,): 5 0.00 (s, 12H, Hi', H2'), 0.86 (s, 18H, H3', H5', 
H6'), 2.50 -2.63 (m, 6H, HI, H13) , 3.63-3.70 (m, 4H, H3) , 3.80 
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< s > 6H, OMe) , 3 93-i q 7 / 

-».«.« «. ^''.V^ .T;" 11 *'' 4 - 29 - 1 " '■■ «»■ 

5-98-6.03 (., 2a. m; , 74 ! , 5 '"- 5 - M ' m ' «. H10' ) 
9.9.... 2 K,„. "*"•».-.. 
'"'I. 25.7 (C3- CS- cm ' C1 '- C2 ''' " 0 

55., (aw , „.,' (cl21i 55-0 «C3,, 

119.2 (010.,, 132 . 4 , ™ '• 105 » <=»). U0.3 <ct> . 

21 °-» <«>. 1* ' ' 1 ""' 153 5 «>. 

«-.™.. -:,=::;.\;:; 

»'•• 532. , 08 . „,, 5 „ J.' «-»• 1»53. 1020. S37 . 
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«•» - -^iitiivrir 1 : of NaH (343 - 

Petroled ether, in ary THF , 50 1" I ^ "** 
20 atmosphere. After s J! r ^ ^ " °° C — * a nitrogen 

3— of the 7^i7z;: s ::;~ for 1 h ' a 

«0 -L, was added dropwise at 0°c Th " ^ *" W 

allowed to warn, to room » ' rea «ion mixture was 

™ co room temperature over 18 h ^ 
removed under reduced pressure and .„ * THF WaS 

» ^e hath he f ore ^ ^^^ — * - 
«■) • The layers were Allowed by EtOAc (50 

washed with brine (1 ' 50 T , la ^ s ««• 

-oved in vacuo to g l s \ y ^ - th * ■*« 

>° chromatography (2.5% Me^H/CT ciTaff d ^ ^ 

a yellow solid (2.00 g 88%, °* PW * let (53 > aa 

«H, HI' , H2', 0 83 ' ,1 (CDC1 ' ) = 5 -°- 01 C 

5 4.35 (m. 4H. aia,. 4 58-4 70 e ^' ^ ' 4 - 24 ' 

2H, H6>, 7 . 80 (S( 2H 'l* ° <»' 2H ' »>, 6.74 
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28.7 (C13), 33.8 (C14) , 34.6 (CI), 51.9 (CH.O) , 56.5 (C16) , 
62.2 (Cll), 65.2 (C12), 65.6 (C8'). 105.4 (C9) , 111.9 ( C6 ) , 
117.9 (CIO'). 128.2 (C3), 132.5 (C9'>, 143.9 (Q) , l 50 .7 
(Q).153.4 (Q), 165.7 (Q) , 170.6 (Q) . ir (neat): v = 3402 
(OH), 2954, 2857, 1735 (ester), 1726 (Alloc C=0) , 1642, 1600, 
1526 (C arom), 1469, 1435, 1354, 1256 (CH,-Si) , 1221, 1201 (t- 
Bu), 1112 (t-Bu), 1048, 1010, 934, 866, 836, 776 cm-. MS (FAB) 
m/z (relative intensity): No parent ion, 496 (10), 482 (9), 
455 (11), 441 (13), 232 (12), 206 (19), 204 (10), 200 (14), 
192 (34), 188 (23), 172 (33), 165 (18), 152 (17), 150 (16), 
149 (100), 147 (17), 140 (20), 131 (18), 103 (22), 91 (47), 89 
(27), 87 (36), 80 (33), 75 (42), 73 (77), 61 (39), 57 (53). 

1,1'- t [ (Propane-l,3-diyl)dioxsr]bis[2-amino-W-allyloxycarbonyl- 
5-methoxy-l, 4-phenylene) -carbonyl] ] -bis [ (2S) -2-faydroxymethyl- 
4-methojiycarbonyliuetbyl-2, 3-dihydropyrrole (54) 

Hydrofluoric acid. pyridine complex (3.5 mL) was added to a 
solution of dimer ester (53) (740 mg, 0.67 mmol) in THP (10 
mL) under a nitrogen atmosphere at 0°C. The reaction was 
allowed to stir for 30minutes at 0°C and then to warm to room 
temperature over 1 h. The reaction mixture was neutralised 
with NaHCO, until evolution of CO, ceased. The product was 
extracted with DCM (3 x 30 mL) , washed with brine (1 x 20 mL) 
and then dried (MgS0 4 ) . Removal of solvent under reduced 
pressure gave the product as a yellow gum (530 mg, 90%) . 'H 
NMR (CDC1,): 5 2.39 (m, 2H, H13), 2.95-2.99 (m, 4H, HI), 3.09- 
3.12 (m, 4H, H14), 3.68 (s, 3H, Otte) , 3.74-3.78 (m, 4H, Hll) , 
3.81 (s, 6H, H16), 4.28-4.34 (m, 4H, H12) , 4.62 (d, J= 5.5 
Hz, 4H, H8'), 4.73-4.75 (m, 2H, Hlla), 5.31-5.38 (m, 4H, 
H10'), 5.96-6.02 (m. 2H, H9'), 6.39-6.50 (m, 2H, H3), 6.80 (s, 
2H, H6), 7.72 (s, 2H, H9) , 8.57 (s, 2H, HH) . "C NMR (CDC1,) : 6 
28.8 (C13), 33.5 (C14) , 35.5 (CI), 52.1 (CH.O) , 56.6 (C16) , 
65.3 (C12). 66.0 (C8'), 105.6 (C9), 111.8 (C6), 118.1 (C10') ( 
128.1 (C3), 132.5 (C9'), 144.4 (Q) , 151.0 (Q),153.6 (Q) , 167.3 
(Q), 170.7 (Q) . IR (neat): v = 3416 (OH), 2953, 1731 (ester), 
1726 (Alloc C=0), 1606, 1525 (C arom), 1467, 1434, 1358, 1224, 
1048, 938, 870, 768 cm" 1 . MS (FAB) m/z (relative intensity): 
881 (M-, 0.2), 496 (12), 482 (15), 456 (14), 442 (13), 232 
(23), 206 (35), 192 (63), 190 (21), 188 (17), 180 (19), 178 
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(22), 89 (13). 87 (26), 80 (58), 75 (19), 73 (28), 57 (25). 

1, 1'- [ I (Propane-1, 3-diyl)dioxy]bi8 [ (lias) -7-methoxy- (2S) -2- 
methoxycaxbonylmethyl-2 , 3-dihydropyrrole-l, 3 , lla-trihydro-5H- 
pyrrolo[2,l-el [l,4Jbezodiazepin-5-one (56) 

A catalytic amount of tetrakistriphenylphosphinepalladium(O) 
(16 mg, 0.014 mmol) was added to a solution of carbinolamine 
(55) (219 mg, 0.25 mmol), triphenylphosphine (7 mg, 0.025 
mmol) and pyrrolidine (0.05 mL, 0.80 mmol) in dry DCM (30 mL) 
at 0°C. The reaction mixture was stirred for 2 hours before 
being allowed to warm to room temperature over 1 h. The 
solvent was removed in vacuo and the residue was subjected to 
flash column chromatography (2% MeOH/CH.Cl,, R» = 0.25 ) to 
yield a yellow glass (109 mg, 66%). [«]»•'„= +500° (c 0.043, 
CHC1,). 'HHMR (CDC1,): 5 2.17-2.42 (m, 2H, H13) , 3.15-3.32 (m, 
15 8H, HI, H14), 3.73 (s, 3H, OMe) , 3.91 (s, 6H, H16) , 4.26-4.30 
(m, 6H, H12, Hlla), 6.84 (s, 2H, H9), 6.92-7.06 (ra, 2H, H3), 
7.47 (s, 2H, H6), 7.83 (d, J = 4.0 Hz, 4H, Hll) . "C NMR 
(CDC1,): 5 28.7 (C13) , 33.6 (C14) , 37.4 (CI), 52.2 (CH.O) , 53.8 
(Cll), 56.2 (C16), 65.4 (C12) , 110.9 (C9) , 111.8 (C6) , 126.5 
20 <C3), 140.2 (Q), 148.0 (Q), 151.0 (Q) , 161.4 (Q) , 162.6 (Clla) , 
170.7 (Q) . IR (neat): v = 3583, 3394, 2997, 2950, 1736 
(ester), 1717 (Alloc C=0) , 1628, 1596, 1511, 1483, 1451, 1431, 
1382, 1273, 1245, 1197, 1152, 1068, 995, 963, 914, 842, 753 cm" 
FABMS m/z (relative intensity): 673 (M*-, 2), 279 (6), 277 
25 (4), 201 (7), 185 (55), 181 (7), 110 (5), 93 (100), 91 (24), 
75 (28), 73 (20), 61 (12), 57 (33). 
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(2 drops) was added (care- • Cata1 ^ amount of DMF 

» .«.« 3 rir. s - ****• 36211 « 
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69.1, 59.2, 57.4, 56.9, 56.8, 56.6, 56.4, 54.6, 53.5, 52.5, 
52.4, 39.4, 38.0. 



(llaSJ-e^-dlmethoxy-ZtfiJ-hyclroxy-a^.S^Cliaia-hexahydro- 
5,U-dioxo-l*-pyrrolo[2,l-c] [1,4-] benzodiazepine (170) 

10% Pd/C catalyst (3.3 g) was added to a solution of 169 (33.0 
g, 93.1 mmol) in absolute EtOH (250 mL) . The reaction mixture 
was hydrogenated under pressure using a Parr hydrogenator at 
55 psi H, for 18 h. The reaction mixture was filtered through 
celite, and the celite washed with hot MeOH, taking care not 
to allow the filter cake to dry out. Removal of excess 
solvent afforded the crude product (20.14 g) . The crude 
product was allowed to stir in 1 N HC1 (200 mL) and CHC1, (200 
mL) for 30 minutes. The organic layer was washed with 1 N HC1 
(100 mL) and the aqueous layers were combined and neutralised 
with saturated aqueous NaHCO,. On leaving the aqueous extract 
overnight, a fine white precipitate formed (170) which was 
collected by filtration and dried (7.81 g, 26.72 mmol, 29 %) . 
'HNMR (270 MHz, CDC1,) d 10.06 (s, 1H, NH) , 7.61 (s, 1H, ArH) , 
7.36 (s, 1H, ArH) , 4.49-4.41 (m, 1H, 2), 4.22-4.17 (m, 1H, 
11a), 3.88 (s, 6H), 3.82-3.55 (m, 2H, 3). 3.20 (br s, 1H, OH), 
2.87-2.77 (m, 1H, 1), 2.10-2.05 (m, 1H, 1); »C NMR (CDC1,) d 
170.2, 165.9, 152.0, 145.7, 130.7, 118.2, 111.9, 104.2, 68.1, 
56.0, 55.6, 54.2, 34.6, 18.8. 



( llaS) -6,7 -dimethoxy-2 (R) - [ ( tert-butyldimethylsilyl ) oxy] - 

2,3,5,10,ll,lla-hexahydro-5,ll-dioxo-lH-pyrrolo[2,l-c] [1,4- 
] benzodiazepine (171) 

Solid TBDMS Chloride (8.22 g, 54.44 mmol) was added in one 
portion to a solution of 170 (7.23 g, 24.74 mmol) and 
imidazole (8.42 g, 123.72 mmol) in anhydrous DMF (75 mL) and 
allowed to stir at room temperature for 16 h. The reaction 
mixture was poured into water (500 mL) and filtered to afford 
the crude product (171), which was purified by 
recrystallisation from EtOH (800 mL) as fine white needles 
(6.995 g, 17.21 mmol, 70 %) . 'H KMR (270 MHz, CDC1,) 8 10.06 
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A solu tio n of m (6 50 ^-^^^ ,i 72) 
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-1) in anhydrous J { l j ^ *' >■» 9, 17.59 
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"irred reaction mixture at 0°C and „i, * 
temperature for 16 h Thf , C ° Stir at room 

water (200 mL, to afford a T ^ P ° Ured **» 

° — with -c^r.^r";** was 

was washed with water (2 x 50 „ 0rganiC Uyer 

over anhydrous Mgso. FiltM , ^ (2 * 50 ^ "d dried 

solvent ia vacuo af or I 1 d lt t r e tl0n - d 6VaP0rati - of the 
Purified by fi ash col ** ^ Pr0du «, which was 
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«•!«. .cttt.1 en,,, 4 ' ' ' d ' 2 "' J ■ »->0 H S . SEN 

«■ ffl 1' c, . „ , S6 3 "' < ™'' 3 '" 3H, OH.,. 3 . 68 



WO 00/12508 



PCT/GB99/02838 



81 

35.5, 25.7, 18.4, -1.3, -4.8. 

(llaS) -6, 7-diaetho*y-2 (*) -hydroxy-2, 3, 5, 10, 11, lla-hexahydro- 
10- [2- <tri«ethylsilyl)ethoxymetfayl] -5, ll-dioxo-lH-pyrrolo [2.1- 
c] [1.4- ] benzodiazepine (173) 

A solution of 1 N TBAF in THF (19.58 mL, 19.58 mmol) was added 
to a stirred solution of 172 (7.0 g, 13.05 mmol) in THF (50 
mL) . The reaction mixture was allowed to stir at room 
temperature for 2 hours and diluted with DCM (200 mL) , washed 
with water (2 x 200 mL) , brine (2 x 200 mL) and dried over 
anhydrous MgS0 4 . Filtration and removal of excess solvent 
afforded the crude product, which was purified by flash column 
chromatography using 50:50 petroleum ether :EtOAc as eluent. 
Evaporation in vacuo of the pure fractions afforded the 
product (173) (5.9 g) . 'HNMR (270 MHz, CDC1,) 5 7.30 ( S/ 1H, 
ArH), 7.24 (s, 1H, ArH) , 5.52 (d, 1H, J= 9.9 Hz, SEM amino 
acetal CH,) , 4.68-4.64 (m, 2H, SEM amino acetal CH, + 2), 4.30 
(dd, 1H, J= 5.86, 8.24 Hz), 3.91 (s, 3H, OMe) , 3.90 (s, 3H ( 
OMe), 3.87-3.51 (m, 4H, SEM 1' CH, + 3), 2.95 (dt, 1H, J = 
5.31, 13.56 Hz, 1), 2.17-2.08 (m, 1H, 1), 1.02-0.93 (m, 2H, 
SEM 2' CH,), 0.03 (s, 9H, 3 x SiCH.) ; »C NMR (67.8 MHz, CDC1,) 
6 169.7, 165.9, 151.9, 147.1, 134.0, 121.1, 111.2, 105.5, 
78.2, 69.1, 67.1, 56.5, 56.1, 53.9, 34.9, 18.4, -1.3. 

(llaS) -6,7-dimetho3ty-2, 3, 5,10, 11, lla-hexahydro-10- [2- 
(trimethylsilyDethoxymethyl] -2.5, ll-trioxo-lH-pyrrolo[2, 1- 
c] [1,4- ] benzodiazepine (174) 

Anhydrous DMSO (3.28 g, 41.94 mmol) in dry DCM (20 mL) was 
added dropwise over 5 minutes to a stirred solution of oxalyl 
chloride (10.48 mL of a 2 N solution in DCM, 20.97 mmol) under 
a nitrogen atmosphere at -50°C. After stirring for 5minutess, 
a solution 173 (5.90 g, 13.98 mmol), in dry DCM (45 mL) was 
added dropwise over 45minutesutes to the reaction mixture, 
which was then stirred for a further 45minutesutes at -50°C. 
TEA (9.89 g; 97.87 mmol) was added dropwise to the mixture 
over 15 minutes followed by stirring for a further 15 minutes. 
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The reaction mixture was left to „ 

diluted with H,0 (iso mL, 1 '° ^ tem P«ature, 

1 11:50 niL) and DCM nnn mr i 
was washed with 1 N „ cl (2 x ^ < °° ^ " Th * organic p hase 
b "ne (2 x 100 * 100 < «ater (2 x 100 

^ evaporation afforded T the c Filtrati °« - 

P^ied by flash col Pr ° dUCt (174 '< was 

— ^"rrr-tri^ ^ 50:50 — 

factions in vacuo aff Oration of the p ure 

10 **». *•« ,d, 1H , a 5 Hz 7 - 3 ° (S ' 1H ' A «>' 7.24 (s. 1H , 

1H < - ■ ^ H 2 , SEM amino ac cal" ^ ^ ^ M ' 

(s, 3H, OMe), 3.8I-3 49 fm iv <S ' 3H ' 0Me > < 3.94 

15 * - CH J); » C i ^ « - CH,,, -0.04 , S , 
15 2-4- 147.5, 134.0. 1 20 4 m ' ° 6 - 8 ' 168 - 8 « 16S ^- 

54 - 8 ' ".3, 37.3, 18.3 ^3 105 - 6 ' ^ 67 ' 2 < ".2, 

^^lO,!!,^.^ 

(trl »ethyi silyl . 7 ' 8 - di »ethoxy-io- I2 . 

"Hl^lbeazodlazepine (175, 5 ' 11 - dlo «-l*-Pyrrolo t 2, 1 - 

^rous pyr i dine (0 . 46 mL< , # 

Portxon to a vigorously stirred , ***** in ° ne 

-I, in anhydrous DCM (10 o Z 7 " ™ ^ 9 ' 

25 10 minutes at room t Jpelt e « ^ ^ * 
(1 - 25 1-48 g, 5.25 mmoi, was J^"™ triflic 
and the reaction mix-,.™ ..... " ™ *» one 

Portion, 

- - - «. darkened, hi ^ ^ * ~ *~ 
-to cold saturated NaHCO, (200 «T T ^ P ° Ured 

30 with DCM ( 3 x 50 mi,, The o 

with water (2 x 200 mL, ^ZV^ C01Rbined ' Washed 

^ous Mgso. Kiltra ion I " ^ "* ^ °™ 

P-duct, which was PurifiJ ^arcr ti0n ** ~" 

«0 :20 petro i euin ether :Et O Ac as l uent T U ^ 

^ fractions in vacuo a ^ nt - Evaporation of the pure 

«•» 3-25 «. 68 % < 175 > - a yellow oil 

MHz, CDCl,, 5 7.29 ,., lH , 
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ArH) , 7 . 23 (s, 1H, ArH) , 7.15 , ti la. J = 2.01 Hz, H3) , 5.53 (d 
1H, J = 10.07 Hz, SEM amino acetal CH a ) , 4.68 (d, 1H, J = 9 . B 9 
Hz, SEM amino acetal CH,) . 

(llaS) -7 . 8-dlmetho*y-2-ethenyl-5, 10 , 11, Xla-tetrahydro-10- (2- 
(trl»ethylsilyl)ethoK ynl ethyl,- 5/11 . dioxo _ lH . pyrrolo[2#1 _ 
c][ 1 , 4 ] benzodiazepine ( 17 6 ) 

A catalytic amount of tetrakistriphenylphosphine palladium [0] 
(4 mol%. 0.142 g, 0.123 mmol) was added to a stirred mixture 
of 175 (1.69 g, 3.06 mmol) , LiCl (0.39 g, 9 .1 9 ^ , ^ 
tributylvinyltin (1.16 mL, 1.26 g . 3 .98 mmol) in anhydrous THF 
(100 mL, and heated at reflux for 2.5 h. The cooled reaction 
mixture was diluted with DCM (100 mL) and the mixture washed 
with 10 % aqueous ammonium hydroxide (200 mL) . The organic 
layer was washed with brine (2 x 200 mL) and dried over 
anhydrous MgSC,. Filtration and evaporation of the solvent in 
vacuo afforded the crude product, which was further purified 
by flash column chromatography using a 80:20 mixture of 
petroleum ether :E tOAc as eluent. Pure fractions were combined 
and evaporation of the solvent in vacuo afforded the product 
(176) as a colourless oil (0.992 g, 2.312 mmol, 75.5 %) . %) 
'HNMR (270 MHZ, CDC1,) 6 7.32 (s, 1H, ArH) , 7.22 (s, 1H, ArH), 
6.94 (s, 1H, H3), 6.51 (dd, 1H, J = 10.62, 17.22 Hz, alkene 
CH), 5.51 (d, 1H, ,7 = 10.07 Hz, SEM amino acetal CH,) , 5.20 (d, 
1H, J = 8.24 Hz, alkene CH,) , 5.15 (s, 1H, alkene CH,) , 4.66 
(d, 1H, J = 9.89 Hz, SEM amino acetal CH,) , 4.54 (dd, 1H, J = 
3.30, 10.62 Hz, Hlla). 3.90 (s, 3H, OMe) , 3.89 (s, 3H, OMe) , 
3.82-3.60 (m, 3H, SEM 1' CH, ♦ HI), 2.91-2.82 (m, 1H, HI), 0.96 
(t, 2H, J = 8.42 Hz, SEM 2' CH,) , -0.04 (s, 9H, SEM CH.) ; »C 
NMR (67.8 MHz, CDC1,) 6 169.3, 161.8, 152.1, 147.3, 133.8, 
129.8, 126.0, 125.1, 121.2, 115.1, m. 4 , 105.9, 78.5. 67.1, 
57.6, 56.2, 56.2, 29.6, 18.4, -1.34. 



(llaS) -l / lla-dihydro-7,8-dimathc»qr-2-ethenyl-5H-pyrrolo[2,l. 
c] [l,4]benzodiazepin-5-one (177) 

Solid sodium tetraborohydride (NaBH 4 . 81 mg, 2.175 mmol) was 
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added in one portion 

- 0,33 ~ —on of „. (101 

-hydrous THF (4 ^ . " ^ Et0H (2 «* 

* h- The reaction t ~" tt « and to stir 

extracted 1" ^ ^ — 

washed with brine ( 10 J., * ^ 0SBanie were 

—on and ^ ^ ^ ~ ~- 
« — for 30 minutes « ^ « - -duct. whic h 

--ess methanol was removed by rotary 1 " ^ 
causing the crude product to b. „ eva P°"tion, 

*~ * _ rrr ,:~ « 

»■ * - ».M *. ' , 1270 <»».> « 

,„. „_ , k ™'"' »■»••«. «•»*. 

140.4. 129.9, 126 9 .„ Q 2 ' 7 ' 161 - 5 ' 15 l-9- U7.8, 

33.9. 33 7 ' 118 - 9 ' 114 - 4 ' 1U - 6 < "-3. 
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Example 1(h) ; Synth™, H of fllawi-i , i i a -dlhvrt™--> , o. 
dlmethoxY-2- (4-methoyyruhenvl 1 -SH- p yrrolo f 7 f , _ 
cHl^lbenzodiazepin-S-one (See Fienir-« B 




(lla5)-7 / 8-dimetho Jl y.2-(4.»etho X yphenyl)-5,10,ll, 1 la-tetrahydro- 

10- (2- (trlaethylsilyl) ethoxymethy!) - 5 , 11-dioxo-lH-pyrrolo [2, 1- 
c] [1,4] benzodiazepine (178) 

A solution of para-methoxyphenylboronic acid (301 mg, 1.98 
mmol) in DME (10 mL) was added to a stirred solution of vinyl 
triflate (175 - see example 1(g)) (715 mg, 1.29 mmol) in DME 
(10 mL) under a nitrogen atmosphere. An aqueous solution of 
Na,C0, (2 N, 9.9 mL) was added followed by LiCl (178 mg, 4.185 
mmol) and tetrakis (triphenylphosphine) palladium (0) (5 mol%, 81 
mg) and the mixture was stirred for 1 hour at room temperature 
followed by heating at reflux for 1 h. After concentration in 
vacuo, the residue was resuspended in a mixture of DCM (50 
mL), aqueous 2 N Na,CO, (50 mL) and cone. NH 4 OH solution (3 
mL). The aqueous layer was extracted with DCM (3 x 20 mL) and 
the combined organic extracts were dried over anhydrous MgS0 4 . 
Filtration and evaporation afforded a residue which was 
purified by flash column chromatography on silica gel eluting 
with 60:40 petroleum ether :EtOAc. Pure fractions were 
combined and evaporation of the solvent in vacuo afforded the 
product (178) as a yellow solid (559 mg, 1.095 mmol, 85 %) . 'H 
NMR (270 MHz , CDC1.) 5 7.40-7.35 (m, 3H, ArH + Suzuki ArH) , 
7.33 (t, 1H, J = 2.01 Hz, H3), 7.27 (s, 1H, ArH), 6.88 (d, 2H, 
J = 6.93 Hz, Suzuki ArH), 5.56 (d, 1H, J = 9.89 Hz, SEM amino 
acetal CH a ) , 4.71 (d, 1H, J = 9.89 Hz, SEM amino acetal CH 3 ), 
4.63 (dd, 1H, J= 3.30, 10.62 Hz, Hlla) , 3.95 (s, 3H, OMe), 
3.94 (s, 3H, OMe), 3.87-3.65 (m, 6H, SEM 1' CH, + HI + Suzuki 
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ArOMe,, 3.14 (ddd. 1H , j m 2 u 

133 ^ "6.5, 126a , 125 4 Z 6 ;- 6 ' 160 - 2 < ^3.0, 147.3, 

1 78 - 4 ' — n::: :: 4 4:^ 4 3 ' ios - 8 ' 

("a S ,. 1 , lla . dlhyare . 7 , 8 . dlBe 

SOUd S ° diura tetraborohydride (NaBH 70 

^ded in one portion to . ? ° m9 ' —D was 

'"0 m 9 , o. 2 in a Stl ^ -ol-tion of 178 

anhydrous THF (4 and ™ ° f anhydr ° US *«» ,2 ^ ^ 
9 reaction raixture wag • t . W - te ^ra t ure for 

-i-d for 30 rainutes with HI Til, T Q (1 ° - 

was extracted with EtOAc (3 x 10 «T ** miXtUre 

washed with brine (10 ^ ^ ' ' ^ ° rganic were 

duration and evaporation afford Z7 T" ^ 
which was purified by f lash col ^ CrWte Pr0duct «»). 

a scso toure of z^zzzzrz^ eiutin9 with 

combined and evaporation of the sol fraCti ° nS Were 

P-duct as a yellow giass 28 m * ™» «"«*d the 

'"0 CDClj) 5 .I 7 d (2 1 8 H mg ' ° 4 ° 8 «. 38 .,. *H NMR 

<S. 1H, ArH) , 7.39 (t l H j ' ~ CH) ' 7 - 53 

«, .ethoxyp^ ArH) , Ll^V^' ^ * * = 
methoxyphenyl ArH,, 6.83 (s 1H » „ ^ HZ ' 

H11 '>- ,., 3H, OMe, 3 9 ! 4 - 44 " 4 - 36 <»< «. 

HI ♦ Suzuki ArOMe,, 3 64-3 34 , \ ^ ' 3 - 91 " 3 - 79 «. 

«.»-i«.7. 161.3, L:?£? 1 Z ) ; me 

^■1. 126.0, 125.9, 123 2 121 o / ' 14 °' 4 ' 126 ' 3 < 

56 - 2 ' ".I, 55.6, 35.6 4 " 3 ' lll ' 6 < " 9 -8. 
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Example i M) , SYnthpBlfl nf ^^ ^.^^ ^ 
ISee Figures fi« ^*>) 




(lla^-V^-di^ethoKy-S-pheayi-s^ci^Ua-tetrahydro-lO-fZ- 
< te ^thyl8ilyl,e«io W thyl).5,ll.dio»,. 1 H.p yrrolot2#1 . 
c] 11, 4] benzodiazepine (X80) 

Phenylboronic acid (334 mg, 2.74 mmol, 2.54 equiv ) 
Na 2 C0 3 (343.4 mg, 3.24, 3 equiv) and tetrakis 
(triphenylphosphine) palladium(O) ,49.9 mg, 2% mmol) was 
added to a solution of the triflate (175 - see example 
Kg)) (600 mg. 1.08 mmol) in ethanol (21.6 mL) water 
(21.6 mL) and the reaction mixture was allowed to stir at 
room temperature for 2 hrs. The reaction mixture was 
fluted with ethyl acetate (200 mL, washed with water (2 
* 200 mL), brine (200 mL) . and dried over magnesium 
sulphate. Filtration and evaporation of excess solvent 
afforded the crude product, which was subjected to flash 
column chromatography on silica gel (70% 40-60° petroleum 
ether; 30% ethyl acetate, to afford, after removal of 
excess eluent, the compound 180 (405 mg, 0.84 mmol, 78% 
yield). i HNM R ,270 MHz, CDC1 3 ) 6 7.5-7.1 (m, 8H) , 5.53 
d, 1H, J= 10.08 Hz), 4.67 (d, 1H, J = 10.08 Hz, 4.65- 
4-59 (m, 1H) 4.0-3.60 (m 9H) , 3.12 (dd, 1H, .7 = 10 63 
16.12 Hz,, 0.99-0.93 (m, 2H, 0.00 (s, 9H, ; » c „, ' 
MB*, CDC1 3 ) 5 168.3, 161.9, 152.!, 147.3, 133.9, 132. 1, 
128.7. 127.6, 125.7, 121.8, 121.1, 111.3, 105.8, 78.4, 
6V. 2, 57.6, 56.2, 31.3, 18.4, -1.3 



WO 00/12508 



PCT/GB99/02838 



10 



15 



20 



88 

S ° lld SOdi - tetraboroh ydride (287 (181) 

in one portion 7 6 ^ 10 

(3 « o. 76 in a : tlrred soiution ° f 

anhydrous THF (8 ^ , t ^ 6 anh ^ou S EtOH (8 ^ and 
t0 «ir at roonl temperature 'for ' reacti °" tour, was al low e d 
^ich time tlc (5% methanol- J/JT " ™°" ^"^e a t 
collate consumption of startin ° r ° f0rm) rev **le<i the 

Was diluted with ; n LT: rial - The reacti - 

— < 2 x 100 mL) . brine J ^ tate uoo *>. W a Shed with 

«**«.. Filtration ^ °° ^ «- a rled over ma g nesium 

affor ded the crude product aP °-- of excess solvent 

chromatography (silica * vi — s oil. Flash 

"hyi acetate y ield the f ' ^ *°- 6 °° ether, 30 % 

ramol 7m, i 1 P r °<luct (lei) /, 71 

?4%K ' H NMR (270 MH 2 , CDC1 . , ' (2?1 0.77 

'.S3 ,.. 1H)< ? 51 ' 1H 7 1 ; , ; ? - 89 «• 1H. .7 =4 . 03 

2H,. "C NMr (67 . 8MHZ( < ' 3-M (.. 3H>, 3 . 66 - 3 . 36 

14 °- 4 ' "3.3. 128 . 8 , 12? 6 CDC1 > ' 161.5, 151 .,, 147>8( 

109 - 8 < 5 «-^ 53 . 9 , 35 . 4 . ^ S 27 ; F ; R 24 ' 9 ' 123 - 6 < il9 -°< 

3 35.13 98 , f 0und 335 . 1396 ^ calc d for ^ (r . + 



25 



30 




(A ll y i O30rcarbonyl) _ 
*- t hy lidenei)yrrolid . ne ^^^"-^^-thyl^^^^^ 

Potassiu. tert- bu to X i de (41 .0 ml, of a 0 5 m 

2 °- 5 mra ° 1) adae d dropwise to a . S ° 1Uti ° n *» «*' 

"i e thyltri P henyl Phosnh • s «spension of 

phonium bromitJe f7 o Q 

yen- After stirring 
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for 2 hours at 0°C, a solution of the ketone 16 (example 1(b)) 
(3.20 g, 10.2 mmol) in THF (10 mL) was added dropwise and the 
mixture allowed to warm to room temperature. After stirring 
for a further 30 minutes the reaction mixture was diluted with 
EtOAc (150 mL) and water (150 mL) and the organic layer 
separated, washed with brine, dried (MgSOJ , filtered and 
evaporated in vacuo to give a yellow oil in which crystals 
(TPO) formed upon standing in the freezer. Purification by 
flash chromatography (5% EtOAc/Petroleum Ether) isolated the 
pure olefin 57 as a colourless oil (2.76 g, 87%): [<*]"„ = -22.2 
° (c = 0.25, CHC1,); >H NMR (270 MHz, CDC1,) (Rotamers) 5 6.02- 
5.87 (m, 1H, NC0 1 CH,CH=CH l ) , 5.31 (ddd, 1H, J = 1.65, 3.11, 
17.20 Hz, NCO,CH,CH=Cff,) , 5.21 (dd, 1H, J = 1.46, 10.40 Hz, 
HOW^CH-CJW, 4.99-4.61 (m, 2H, NCH^Cff,) , 4.60 (d, 2H, J = 
4.94 Hz, NCCCff/^CH,) , 4.19-3.98 (m, 2H, NCHCff,OTBDMS ) , 3.93- 
3.87 (m, 1H, NCHCHjOTBDMS ) , 3.66-3.42 (m, 2H, NCff^CH,) , 2.80- 
2.56 (m, 2H, NCH,C=CH,Cif a ) , 0.87 (s. 9H, SiCfCff,),), 0.03-0.02 
(m, 6H, Si(Cfli),); »C NMR (67.8 MHz, CDC1,) (Rotamers) 5 154.4 
(NC=0), 145.1 and 144.1 (NCH,C=CH,) , 133.1 (NCO,CH,CH=CH 3 ) , 117.5 
and 117.2 <NCO,CH,CH=CH,) , 107.5 and 106.9 (NCH,C=CH a ) , 65.8 and 
65.6 (NCCCH^CH,) , 63.7 and 63.1 (NCHCH,OTBDMS) , 58.7 and 
58.3 (NCHCH,OTBDMS) , 51.1 <NCH,C=CH,) , 34.9 and 34.2 
(NCH.CrC^CH,) , 25.8 (SiC^CH,),), 18.2 (SiC(CH 3 ),) , -5.5 
(Si(CHj),); MS (CI), m/z (relative intensity) 312 (M*- + 1, 82), 
296 (9), 279 (5), 255 (20), 254 (M-OC,H 5 or M-'Bu, 100), 168 
(8), 122 (14); IR (Neat) 3083 (C=CH,) , 2954, 2847, 1709 (NC=0) , 
1533, 1467, 1404 (SiCH,) , 1360, 1310, 1252 (SiCH,) , 1207, 1174, 
1103, 1076, 1006, 836, 776, 680 cm" 1 . 



(2S) -2- ( tert-butyldimethylsilylojcymethyl) -4- 
methylidenepyrrolidine (58) 

A catalytic amount of PdCl^PPh,), (92 mg, 0.131 mmol) was added 
to a solution of the allyl carbamate 57 (1.0 g, 3.22 mmol) and 
H,0 (0.34 mL, 18.9 mmol) in 01,01, (30 mL) . After 5 minutes 
stirring at room temperature, Bu.SnH (0.96 mL, 1.04 g, 3.57 
mmol) was added rapidly in one portion. A slightly exothermic 
reaction with vigorous gas evolution immediately ensued. The 
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mixture was stirred for u u 

™ «L) . the o c ,» Ic „ lue after dllutu ' 3 CB.C1, 

««« th. «*» „ L V — to 

CI". . -3.9 • (c - . „ *" y "" Se » U <»•" «. 77%), 

NCH,C=CH,] 3 J. 3 , (t/ 1H ' J= 2.02 Hz, 

3.68-3.46 , m , 4H , NCHCHjOTBDMS and NCHC-CH ) , ,„ 
3 -21 On, 1H. NC«CH,OTBD MS ), 2.53-2 41 lm ,„ "^-^ ' 3 ' 3 °- 

(NCHCH,OTBDMS) , 51 ( ^C H , , < «».5 

<rela tive intensity, 227 8) 12 ^ "* ^ ' 

<8>, 32 (M-CH^OMS, 100 , 75 U, J ' "° (M "' BU ' ' 96 

3074 ,0^,. 2929 , as5 6 \ c r;;; 3 ?- 3100 (br ' 

1380, 1361, 1255 ugn „«, 2 ' 1424 ' 13S1 - 

668 or-. ' 1101 * 10 ° 6 ' 939 ' 880 < «8 ( 777, 723. 



25 



""ethylidinepyrrolidine (60) 

CH 3 C1 2 (30 mL). After 16 „ mL ' °- 15 9 ' l -« in 

minutes to a stirred m - , ed dro P wi ^ over 30 

- « ::r - r; £ rr::; - ,o - 2e - iis 

«* . — LI .r« .T/T""" ™ d 



WO 00/12508 



PCT/GB99/02838 



91 

NH 4 C1 (30 mL), H a O (25 mL) , brine (30 mL) , dried (MgS0 4 ) , 
filtered and evaporated in vacuo to give the amide 60 as a 
dark oil (0.65 g, 96%): *H NMR (270 MHz , CDC1.) (Rotamers) 5 
8.92 (br s, 1H), 8.05-7.88 (m, 1H) , 7.74-7.64 (m, 1H) , 7.56- 
7.46 <m, 1H), 5.08-4.95 (m, 2H) , 4.84 (d, 1H, J= U.91 H z) , 
4.75 (d, 1H, J= 11.91Hz), 4.74-4.65 <m, 1H) , 4.21-3.68 (m,' 
4H), 2.96-2.65 (m, 2H) , 0.95-0.87 (m, 9H) , 0.1-0.03 (m, 6H) . 

(2S) -w- (2-Amino-5-iodobenzoyl) -2- (hydroxymethyl) -4- 
methylidenepyrrolidine ( 61 ) 

A solution of TBAF (1.24 mL of a 1M solution in THF, 1.24 
mmol) was added to the silyl-ether 60 (0.64 g, 0.99 mmol) in 
THF (15 mL) at 0°C (ice/acetone). The reaction mixture was 
allowed to warm to room temperature and after 45 minutes. TLC 
(50% EtOAcV Pet-Ether 40 °- 60 °) revealed the complete 
disappearance of starting material. Saturated NH,C1 (75 mL) 
was added and the reaction mixture extracted with EtOAc (3 X 
30 mL), washed with brine (30 mL) , dried (MgSOJ , filtered and 
evaporated in vacuo to give an orange oil. Purification by 
flash chromatography (50% EtOAc/ Pet-Ether 40 °- 60 °) provided 
the pure amino-alcohol 61 as a viscous oil (0.18 g, 51%); l H 
NMR (270 MHz , CDC1 3 ) 6 7.72-7.61 (m, 1H) , 7.55-7.40 (m, 1H) , 
6.51-6.49 (m, 1H) , 5.02-4.94 (m, 2H) , 4.80-3.80 <m, 8H) , 2.81- 
2.79 <m, 1H), 2.43-2.40 (m, 1H) ; MS (EI) , m/z (relative 
intensity) 359 (M*« +1, 5), 358 (M-, 33), 328 (3), 327 (10), 
254 (3), 247 (11), 246 (100), 218 (18), 164 (2), 127 (4), 120 
(4), 119 (10), 113 (9), 112 (91), 94 (2), 91 (20), 90 (5), 82 
(10), 67 (2), 64 (3), 63 (3), 52 (3) . 



(2S) -W- [5-Iodo-2- (2, 2,2-trichloroethyloxycarbonylamino) - 
benzoyl] -2- (hydroxyjnethyl) -4-methylid±nepyrrolidine (62) . 

A solution of the amine 61 (179 mg, 0.50 mmol) in CH 3 Cl a (15 
mL) was cooled to 0°C (ice/acetone) and treated with pyridine 
(81 tih, 79 mg, 1.0 mmol). A solution of 2,2,2- 
trichloroethylchloroformate (76 /iL, 117 mg, 0.55 mmol) in 
CH^Cl, (5 mL) was then added dropwise to the stirred mixture. 
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The reaction mixture was ali„ „ 

and stirred for a fur" er 2 h " ^ * ^ t «"*« 
mixture was washed with "action 

«2 « «n oil (is, _ ,„ . **" t™c-«d„o cowo^ 

"•3. 63.9. 5,.0 5 5 i*', - 7, 123 -- «•«. 
"3 ,3.. 5 „3 B " ,15 '' »■ 532 «■)• 

«3 *. , , 3 ' ; z ; 6 , 3s : ' 8K 384 '"■ 366 ««■ 

31» (61, 117 , 7 , u , ,,,, , " 5 333 (4). 1 3X 

c.^,0.01,1 „. 531 . S221 , ^U^."" " 1Cd 

trichl oroethyIoWatbotvlaaia 0 « 2,2- 

r « and « mg , ~;;r cuiar sieves 

stirring at T-nnm *. ^rter 15 minutes 

° m tern Perature, TPAP ffi o 
30 added and stirrin, continued f0 r £*Z' "J ^ 
Point TLC (50% EtOAc/Petroleun, Ether, sh J " 
along with so „,e unoxidis.rf 7 f °™ation 

treatec with a ur l ^ ~ 

and TP AP (6 2 mg 9 ^^ ^antity of mo (62 mg , 0 .53 «, 

» 30 minutes " * - - a further 
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to flash chromatography (40% EtOAc/Petroleum Ether, to provide 

Tl"^ Carbin ° lamine " " * »»ite (93 mg, 49%,- 

'H NMR ( 27 0 MHz i COC1,, 6 8.09 M . 1H ( , -2.01 Hz, , 7.80 ,dd 
1H, ,=8.43, 2.20 Hz,, 7. 10 M< 1H , J=8 . 43 Hz)< ^ 
1H * . 9.7! Hz,. 5.20-5.04 3H, , 4.79-4.50 <m, 1H , . 4.32- 

• <-3H,, 3.63 (t. 1H. J=8 .79 „ z) , 2 . 99 _ 2 , 9 (m> 
2.72 <d 1H. a = 15.94 Hz,; »c NMR ,67.8 MHz, CDC1,, 5 165.0, 

«.4, 85.7. 75.0. 59.4, 50.7. 35.0; MS (EI, , m/z (relative 
-tensity, 533 (6,, 532 (22,. 531 »; 8,, 530 (17,, 529 (10, 
449 (5,. 383 (6,. 354 (7,. 353 (5,. 338 (6,. 325 ,5,. 290 (5 ' 
274 (15,, 273 ,8,. 272 ,43,. 254 (5,. 245 (8,. 218 (5,, 216 ' 
(12), 147 (5,. 146 (6,, 145 (9), 133 (10,, 131 (9) , 128 (5 , 
1" (15,, 119 ,11,, 117 (5) , 9? (6)< gs (9)( ^ ' 

(«), 83 (11,, 8 2 (100,, 81 ,7,. 80 ,8,, 75 (5,, 63 (7,, 53 
(5,; exact mass calcd for C AWC l, m/e 531.9037, obsd «/. 
531.8988. 



( llaS) -7-Iodo-2-«ethylidene-l, 2,3, lla-tetrahydro-SH- 
Wrrrolo [ 2,l.c] [ l,4]benzodlazepia-S.oae (64, OT20 23, BSD- SJQ , . 

10% cadmium-lead couple (109 mg, 0.875 mmol) was added to a 
stored solution of the Troc-protected carbinolamine 63 (93 
mg, 0.175 mmol) in THE (i ^ and aqueous lN 
(1 BL). After 45 minutes at room temperature TLC revealed 
complete reaction (70% EtOAc/ Petroleum Ether, . The mixture 
was diluted with EtOAc (30 mL, , dried (MgSOJ , filtered and 
evaporated in vacuo. The crude residue was purified by flash 
chromatography (70% EtOAc/Petroleum Ether) to provide the 
novel PBD (64, BSD-saG, UP2023, as a white solid (27 mg, 46%,- 
«P * NMR (270 MHz , CDC1, ♦ CD,OD, (llS,ll aS isomer, 5 8.10 
<«. 1H, J = X. 46 hz,. 7.65 (d, 1H, ,7 = 8.7 9 Hz,, 6.86 ,d, 1H, 
J =8.06 Hz,, 5.14-5.10 (m, 2H) , 4.66 (d, 1H, J = 5 . 13 Hz). 
4-34 (d, 1H, J=16 .12 HZ), 4.23 ,d, 1H, J=16 . 12 H Z, . 3.80- 
3-71 (m, 1H), 3.34 (s, 3H, , 3.03-2.86 (m, 1H, , 2.65 (d, 1H, J 
- 16-02 Hz,; MS (EI, , m/ 2 (re i ative intensity, ( N io-Cll imine 
form) 33 9 (M - + 1, 20), 338 (M-, 100)., 337 (17), 323 (5), 311 
(4), 310 (5), 257 (5,, 230 (4), 229 (13), 211 (4,, 203 (4) 
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2 °2 (8), 184 ( 8 ), i 8 3 (4) 

76 «>. 75 Cl«>. 74 (5 ' Z 5 '' " (17K 81 < 4 >' «0 (5), 

2 853. 17M . 1615( ' 1506 ; 3 » W 3 295 (br) , 

U ». "63, 999 . 895 , 818 ^ 8 U ? ' 12?8 ' 1238 ' 

calcd for - 3 37 , 916 , obsd ™ «• 

8ethl enw mn Mono , ~ -UZJteHfflgtsa.- 

~ 244 f7n > p ' T 1 rr 8 j 



chloride (0.23 mL, 0 33 a , ™ ' ""^ 

solution was added dropwise J" " UlCln9 * Cld 

y< ^.JO mmol) and TEA (0 5ft * n on 
-sphere. The J£ ^ »*r a nitrogen 

~» and ;i;:::r:r::; rrr ■? - - - 

diluted with CH,C1 (S 0m r, "' The mixture was 

*>. -turated « Q (50 < 5 ° 

aitereTlV 1^ ^ " ' «~ «•"*>• «- 
-duct as a dar, 0^™^^ * ^ "* 
—atogra phy (20% ^J^T.ZZV^ 

65 as a sticky orange oil 7 B T [ " PU " 

hci 1);1hnmr : 27 ^ • c r, top ; = - 47 - 2 0 

7 - 77 - 2, UU.). 7.48-7.35 ft. 5 H ^ * 7 " 78 *" d 

1H_,, 5.23 and 5.21 (s x 2 J ph ^ 6 ' 78 < S - 

NCH,C = CH 3 CH,,, o.8 9 and 0.7 9 (s x 2 9H , 

- d -0.14 (s x 3, 6H. situ ' i (C " ,,,) ' °- 122 ' - 0 - 11 

«• SKQ5W,), »c NMR (67.8 MHz, CDC1,, 
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(Retainers) 8 166.2 (NC=0) , 154.8 and 154.6 (CJ, 148.2 and 
148.0 <C wl ), 144.1 and 143.2 (C wl ) , 137.1 (C w ) , 135.3 (C e ) , 
128.8 and 128.5 (BnC-H_) , 128.2 <C wt ), 127.6 (BnC-H_) , Tl 0 1 
and 109.2 (C-H TO ), 109.0 and 108.5 (C-H_) , 107.5 (NCH,C=CH,) . 
71.3 (PhCH,0). 63.7 (NCHCHjOTBDMS) , 60.2 (NCHCH,OTBDMS) , 58.1 
and 56.6 (OCH,) , 52.8 and 50.5 (NCH^CH,), 34.9 and 33.9 
<NCH,C=CH 3 CH,) , 25.8 and 25.7 (SiC(CH,>,), 18.2 (SiCfCH,),) , -5.4 
and -5.6 (Si(ay,) ; MS (EI), m/z (relative intensity) 512 «•■. 
3), 497 (M-CH„ 4). 455 (M-'Bu, 100), 380 (2), 364 (5), 286 (M- 
NCH a C=CH a CH,CHCH s OTBDMS, 40), 279 (9), 226 

<NCH,C=CH,CH a CHCH,OTBDMS, 5), 168 (10), 149 (27), 91 <p h CH„ 62), 
73 (8), 57 (9); ir (NEAT) 3066, 3034, 2953, 2856, 2245, 1644 
<NC=0), 1S78, 1520, 1454, 1426, 1379, 1335, 1276, 1220, 1186, 
U06, 1059, 1016, 910, 836, 815, 779, 734, 697, 655, 614 cm". 

(2S) -N- U-Benzyloxy-5-methoxy-2-nitrobenzoyl) -2- 
(hydroxymethyl) -4-methylldenepyrrolidlne (66) 

A solution of TBAF (2.10 mL of a 1M solution in THE, 2.10 
mmol) was added to the silyl-ether 65 (0.86 g, 1.68 mmol) in 
THE (20 mL) at 0«C (ioe/acetone) . The reaction mixture was 
allowed to warm to room temperature following a colour change 
(yellow-dark red) . After a further 40 minutes TLC (50% 
EtOAc/Pet-Ether 40°- 60°) revealed the complete disappearance 
of starting material. Saturated NH.ci (100 mL) was added and 
the reaction mixture extracted with EtOAc (3 X 40 mL) , washed 
with brine (30 mL) , dried (MgSOJ , filtered and evaporated in 
vacuo to give a dark orange oil which was purified by flash 
chromatography (60% EtOAc/ Petroleum Ether) to provide the pure 
alcohol 66 as a white solid (0.64 g, 96%): [«]»»„ = -22.9 0 (c = 
0.20, MeOH) ; >H NMR (270 MHz, CDC1,) (Rotamers) 5 7.78 and 7.76 
<s x 2, UU, 7.49-7.33 (m, SH^J , 6.91 and 6.82 (s x 2, 
1H^), 5.22 (s, 2H, PhCH,0), 5.10 (m, 1H, OH), 5.03-5.01 (m, 
1H, NCH.OCff,), 4.90-4.85 (m, 1H, NCH lC =Ctf,) , 4.65-4.55 (m, 1H, 
NCH:H 2 OH), 3.99 and 3.95 (s x 2, 3H, OCH,) , 3.90-3.72 (m, 4H, 
NCHCtf 3 0H and NCH^CH,) , 2.90-2.87 (m, 1H, NCH,C=CH,CH,) , 2.53- 
2.47 (m, 1H, NCH a C=CH,CH 3 ) ; "C NMR (67.8 MHz, CDC1,) (Rotamers) 
5 177.4 (NC=0), 155.1 (C wt ) , 148.3 (C w ) , 142 .6 (C wt ) , 137.0 
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) / 135 .2 (c \ i ^ 

«-«_,. i M ,' c ~ H ' M T; 6 - 327 -« «... 

« SO.! Motoo., , ™°***>' *" S "•' (00,,,. 53.0 

«>• "5 (3) , 121 (4) 270 ,2) ' 2 " HI. 164 (2) , 1M 

»»■ "S3, 173S. ! „ " ' ( "" JOm 36 °»-»»» C. OH, 

" «M. W. 1 22 4 ' 3 "■ 0 '' 3 " 7 ' »«. 137 S . 

"3. 70 2 615 ™1 1052 ' ««. 7,6. „,, 

ra ' ex act mass calcd for- r u „ „ 
obsd xn/e 398.1490. c »H»N.O, jb/« 398.1478, 

11^- ^^.^^ 

(hydroxymethyl ) -4 , , ^ 071 ' 2 ~ 

••• -»> «- «j : '« « 21,20 "- 81 " 

ev«POr,t.d i„ v « uo „ d ^ J ' i ' C "' 1 h °« tj» HsOH ... 

J-iJ-cration through ce]ih Q ™u 
separated, washed wich brine Th * layer was 

^ evaporated i fl vacuo t0 ^ ^ ' (MgS0 4 ) , filtered 

« ^ tography (Et0Ac) aff ° o 

-Uow g i ass (0 . 37 Bf 63%); ^ «« -u- «7 as a p aie 

'270 MHz, CDC1,, 5 7.44-7.29 ^ 5H , [" = ^ ^ 1 * 
6 -27 (s, 1H | r „ , H — >' 6 - 77 <s, UUJ, 

-.c.c«,,. r;. • : phcw ' »••-»••• * 

(»■ 1H, »CH,C.C„,c,. »c„ " ' NCK - C - C ».0»J ■ 2.«3- 2 .3 9 

•»•• «w 34 3 3 ( ; .T,; 67 - 8 »• ^> • ™.« .»«,. 

(r ] no . 'W/ 140.6 (r ) iifi c 

tC « ) ' 128 -6 and 128.0 (BnC-H i 136.5 

U V tJ3nC - H «»)/ 127.8 (C ) 10-7 1 /r, 

OHCB.0B,. 60.0 (NOEH.0H,. 57.1 , 0C H,, . 55. J 
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(NCH,C=CH,), 34.4 (NCH,C=CH,CH,) ; MS (EI) , m /z (relative 
intensity, 368 (M-, 10 0). 353 (M-CH„ 2), 340 (1), 286 (2) 273 
(4), 256 (M-NCH^CH^CHCH^H, 59), 249 (8), 226 (4, , 200 '(2) 
196 (2), 166 (5), 138 (17), 112 (NCH 1 C=CH J CH 1 CHCH l OH ( 39), 91 
(PhCH,, 70), 82 (5), 65 (5); » (NEAT) 3600-3000 (br, NH, and 
OH), 3065, 3052, 2932, 2869, 2246, 1668, 1620, 1592, 1513 
1454, 1408, 1264, 1229, 1197, 1176, 1113, 1079, 1002, 909,' 
733, 698, 645 cm-; exact mass calcd for C 2M O t m/e 368.1736, 
obsd m/e 368.1662. 



(2S) [ (2-Allyloxycarbonylamino) -4-benzyloxy-5- 

methoxybenzoyl] -2- (hydroaymethyl) -4-aethylidenepyrrolidine 
(68) 



A solution of the amino-alcohol 67 (0.33 g, 0.90 mmol) in 
CH,C1, (20 mL) was cooled to 0°C (ice/acetone) and treated with 
pyridine (0.14 mL, 0.14 g, 1.77 mmol). A solution of allyl 
chloroformate (87 ML, 99 mg, 0.82 mmol) in OL.Cl, (7 mL) was 
then added dropwise to the stirred mixture. The reaction 
mixture was allowed to warm to room temperature and stirred 
for a further 2.5 h, at which point TLC (EtOAc) revealed 
complete consumption of amine 67. The reaction mixture was 
diluted with CH,Clj (30 mL) and washed with saturated CuS0 4 (40 
mL), H,0 (40 mL), brine (40 mL) , dried (MgSO.) , filtered and 
evaporated in vacuo. The crude residue was purified by flash 
chromatography (80% EtOAc/ Petroleum Ether) to afford the pure 
alloc-amino compound 68 as a white solid (0.34 g, 84%): [a]"„ = 
-22.4 0 (c = 3.4, CHC1,); >H NMR (270 MHz, CDC1,) 5 8.52 (br s 
1H, N/f) , 7.82 (br s, 1H_) , 7.49-7.29 (m, 5H M ) , 6.84 (s, 
1H„.), 6.02-5.88 (m, 1H, NCO,CH,CH=CH, ) , 5.39-5.22 (m, 2H, 

NCO,CH,CH=CH.) , 5.17 is 2H Phrwm c m />- 

' j . x / \s / 4H, PhCH,0), 5.01 (br s, 1H, NCH,C=Ctf,) , 

4.94 (br s, 1H, NCH^CH,), 4.64-4.59 (m, 3H, NCHCH,OH and 

NCO,CH,CH=CH,), 4.21-3.60 (m, 8H, NCHCHjOH , NCH jC =CH 3 , OCH, and 

OH), 2.77 (dd, 1H, J= 8.61, 15.94 Hz, NCH,C=CH,CH 3 ) , 2.46 (d, 

1H, J= 15.94 Hz, NCH^CHiCH,) ; »C NMR (67.8 MHz, CDC1,) 5 

171.4 (NC=0_), 153.7 (NftO^J, 150.3 (C w ) , 144.5 ( W , 

1«.0 (C^ t ), 136.2 (C,..,), 132.4 (NCO^O^CH,) , 131.3 (C^..,) . 

128.6, 128.1, and 127.7 (BnC-H„.) , H 8 .l (NCO,CH,CH=CH,) , 111.1 
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< C -H—), 108.1 (NCH 3 C=CH 3 ) in fi , , 

~ = CH J)( 6 , 5 ; 5 ^ 70, (PhCHj0)( g5 8 

54 -° (NCH ' C = CH >>< 34a (NCH , _- CH CH ' M 1 N T CH '° H) ' 56 - 7 
xntensi ty) 452 {lp . # « (EI) , (relafcive 

192 (2 >< "3 (3) , 136 (3) 8 U ( 4 ; 6l 282 (22) ' 255 (2) . 

12 >< « 100,, 82 UO, 6 Ul 112 ^-^CHCH^H, 

«W) 3600-2000 < br , 0 „, , : 3 " "> ' 57 7) ; „ 

„ "37, 1463 , 140? 7 3 ; 3 ' ^ *». 2854 , 

° "54. 1028( 995 , 947> 9Q " 92 " J' 128 °' 12 "' U78. 11 17 , 

601 ' calcd' for c ^ ™' ^ 

452.1923. r C » H »N s <We 452.1947, obsd 

(11S ' ll »«-10-All ylaJWcarb 

soiuti ° n <* -so (o.ie 0 20 o : (m> 

«■> -as a<Jded dropwise over 30^ nan ° 1) ** CH » C1 ' « 

^oride ,..„ . of a a M 3 s °^7 eS .- a solution of oxalyi 
" JC (dr. ice/CHjCN) ^ ^ CH ' C1 " -*> .t 

Erring at -45- C f or 30 nunutes After 

o, 3 mol} dissoi : - of the alcohol 68 

^opwise over 35 minutes ^ . 4s ; CHjC1 ' (8 *) was added 

the mixture was treated rf™ • ' 45 minu tes at - 45 °C 

— tes. the reaction . ixture J?*?*? ^ ^ After 35 
temperature and was diluted liZ * t0 ^ to «« 

« «» H,0 (20 J, ir,?"; ^ — -th 1 N 

Altered and evaporated i„ ' ' ^ < W - 

of t ne crude Ite Lrr- ^ "° % —-leu. 
Nation and a trace of Z^ZTl 

p -ification by flash chro 1 Startln9 mate ^- 

furaished r P 0 t:~ (so% 

7 '°- 172 - m, : 'H ^ (a7 ~ C ;:~ e « - wnite g i ass 

"WW^J, 5.56 (d 1H J q ' 5 - 53 <m ' lH < 

<»< «. NCH.C-C*,, NCO^CH-c/an, 8 ,!" 2 ' NCHCflDH) ' 5 - 22 ~ 5 ^ 

W ' andPhC ^' 0-64-4.42 (m , 3H , 
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HCO.CJ%CB.CH, and OH), 4.28 (d, 1H, J = 15.94 Hz, NCH^CH ) 
4.09 (d, 1H, J - 15.94 HZ, NCH^CH,), 3.92 <s, 3H, OCH,, 3.62 
(t, 1H, J = 8.79 Hz, NCHCHOH) , 2.90 (dd, 1H, J = 8.97 16 03 
Hz, NCH.C^CH,,, 2.67 (d, 1H, J = 16.03 Hz, NCH,C=CH,C«,> ; »C 
NMR (67.8 MHz, CDC1,) 8 166.8 < N C=0^., , 156.0 t»C=n . , 1 
150.! I W , 149.0 (C w ), 141.8 <C rot ), 136.1 (C w ) , 131.8 
(UCCV^CH-CH.) , 128.6, 128.1 and 127.3 (BnC-H_, , 125.6 (C , 
118.0 (NCO.CH^CH,, , U4.6 (C-H„_, , 110.6 (C-H_) , 109 8 ' 
<NCH,C=CH,>, 85.8 (NCHCHOH) , 71.0 (PhCH,0> , 66.7 <NCO,CH,CH=CH,> , 
59.8 (NCHCHOH) , 56.2 (OCH,) , 50.7 (NCH,C=CH,), 35.0 
(NCH^CH.CH,) ; MS (EI) , m/z (relative intensity) 450 (M- 24) 
422 (1). 392 (1), 364 (1), 348 (3), 340 (12), 298 (6), 282 
(8), 257 (2), 229 (2), 192 (3), 178 ,2, , 164 (4), 136 (3), 110 
<3>, 91 (PhCH„ 100), 82 (17), 65 (7); IR (ND JOL«) 3600-2500 
(br, OH), 2923, 2854, 1711. 1619, 1601, 1513, 1463, 1405, 
1377, 1300, 1278, 1202, 1119, 1045, 993, 956, 909, 790, 768, 
724, 697, 637 cm"; exact mass calcd for CJUXfi. m/e 450.1791, 
obsd m/e 450.1790. 



Alternative synthesis UlS,UaS) -lO-Allyloxycarbonyl-8- 
benzyloxy-ll-hydroKy^-nethoxy^-methylidene-l, 2, 3, 10, 11, 11a- 
he*ahydro-5H-pyrrolo 12 , 1-c] [1 , 4 ] benzodiazepin-5-one ( 69 ) 

A solution of the alcohol 68 (0.32 g, 0.71 mmol) in CH,C1,/CH,CN 
(30 mL, 3:1) was treated with 4 A powdered molecular sieves 
(0.2 g) and NMO (126 mg, 1.08 mmol). After 15 minutes 
stirring at room temperature, TPAP (12.6 mg, 35.9 pnol) was 
added and stirring continued for a further 1 hour 20 minutes 
at which point TLC (80% EtOAc / Petroleum Ether) revealed 
product formation along with some unoxidised starting 
material. The mixture was then treated with a further 
quantity of NMO (126 mg, 1.08 mmol) and TPAP (12.6 mg, 35.9 
Mmol), and allowed to stir for a further 0.5 hours after which 
time TLC revealed reaction completion. The mixture was 
evaporated in vacuo onto silica and subjected to flash 
chromatography (50% EtOAc/Petroleum Ether) to provide the 
protected carbinolamine 69 as a white, glass (153 mg, 48%): 
[«]»„ = +129.8 ° ( C = 1.5, CHC1,); »H NMR (270 MHz, CDCl,) 5 
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5 4.09 (d/ 1H , , = 5 9 2 4 8 <d ' 1H ' * " ^.94 Hz , 

. ".03 HZ , NCHjC=CHC ;; H ™°*< «... m, u, 
^c=ch^ ); „ c ^ (6 ;, l • c d ; 5 ; 6 ; = 16 - 03 Hz - 

10 (C ) i„ „ , W 9-0 (C ««>< 141.8 (c ) ,« , 

' ~ tK 131 - 8 'NCO.CH^CH,) 128 6 1 
"5.6 (C ) i 10 n , ' 128,1 and 127.3 (BnC-H i 

35.0 (NCH^CH.CH,, , Ms (EI) ^ (0CH ^ 50 - 7 <NCH jC= CH,), 

15 - u,. 392 (1} 3 rr: intensity) 450 

282 «». 257 229 (2) . 9 ' (3 ' ^ <12) ' 298 C61. 

U0 (3,. 91 (PhC „ 3 , J, 82 (i7 3 ' s (2) * 164 " 6 «>• 

2500 (far, 0H)( 2923 ' >' 65 < 7 >' IR (NUJOL*) 3600- 

1377, 1300, 1278, 1 202 , 1U9 , "»> ^S. 

20 7 24, 697, 637 cm-; exact mass 2l ^ ' ?9 °' ?68 ' 

obsd m/e 4S0.1790. " ^ ^ C " H " N '°« 450.1791, 

(Has) -8-8eazyiosty-7-MB4.v 

purified by flash ^ de resi <*ue was 

y evaporated m vacuo with run • 
Prov ide the N10-CU imine form: W n - * t0 

1 J 8 ~ +7S4 -2 0 (c = 0.54, 
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CHC1,); H NMR (270 MHz , CDC1,) (mainly imine, plus trace of 
carbinolamine form) 5 7.70-7.30 (». 7H, HC= N and 6H_) . 6.84 
(s. 1H.„), 5.25-5.13 (m, 4H, NCH,C=Cff, and PhCHfl) , 4.42 (br s 
2H. NCK^CH,), 3.95 <s, 3H, OCH,) , 3.88-3.66 <m, 1H, NCJ£HC=N) ,' 
3.09 (dd, 1H, J= 8.98, 16.12 Hz, NCH,C=CH J CH J ) , 2.94-2.87 (m. 
1H, NCH^CH^H,) ; »C NMR (67.8 MHz, CDC1,) 5 164 7 (NC-O) 
162.6 (HC=N), 150.6 (C w ) , 148.1 <C W > , 141.6 (C w >. 14 0 '.5 
<C„. t ), 136.1 (c wt ), 132.0, 128.7, 128.6, 128.1 and 127.3 (BnC- 
H„»>, 120.1 (C w ), 1U.5 (C-H_), 1U.2 <C-H„J, 109 4 
(NCH^CH,). 70.8 ( P hCH,0), 56.2 (OCH,) , 53.7 (NCHHC=N) , 51 3 
(NCH,C=CH,), 35.4 (NCH,C=CH,CH,) ; MS (EI) , m/z (relative 
intensity) (imine form) 348 (M-, 100), 333 (M-CH„ 42), 319 
(3), 269 (5), 257 (M-PhCH,, 25), 241 ,11), 229 (56), 227 (11) 
213 (5), 186 (4), 156 (6), 136 (22), 122 (4), 91 (PhCH,, 85), 
82 (5), 65 (22); IR (NU JOL') 3318 (br, OH of carbinolamine 
form), 2923, 2853, 1722, 1668, 1600, 1557, 1504, 1462, 1377, 
1261, 1216, 1120, 1003, 892, 789, 722, 695, 623, 542 cnr\- 
exact mass calcd for C 31 H J0 N j0j m/e 348.1474, obsd m/e 348.1469. 

Example 2(c) : Synthesis of mmy-s.th ,-7A , UP2 0fi 4W c «,„ „ <T ,~ a) 



(25) -N- I (2-Allyloxycarbonylamlao) -4,5-dimethoxybenzoyl] -2- 

( tert-butyldiaethylsiiyioxyaethyl ) -4-metfaylidinepyrrolldi»e 
(71) 

Potassium cert-butoxide (21.2 mL of a 0.5 M solution in THF, 
10.6 mmol) was added dropwise to a suspension of 
nethyltriphenylphosphonium bromide (3.78 g, 10.6 mmol) in THF 
(11 mL) at 0°C (ice/acetone) under nitrogen. After stirring 
for 2 hours at 0°C, a solution of the ketone 38 (Example 1(e)) 
(2.0 g, 4.07 mmol) in THF (7 mL) was added dropwise and the 
mixture allowed to warm to room temperature. After stirring 
for a further 45 minutes the reaction mixture was diluted with 
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10 



15 



JO 



5 



EtOAc (60 m L ) and water (60 mL, Th P 

separated, washed with bril I * ■ ° W " 1C ^ was 
lcn *>rine, dried (Maso \ 

ductography (20s Et0Sc/p . trnl ' Pu « £ »«« l£ ,» by £ Ush 

— . » „ . ^ p ,z : : " th "' - — 

■■ »»>■ '-86 (., 18) , 682 ""fersl 5 (bt 

«iad. 1H, J = 17 22 3 I,""' 6 '° 3 - 5 ' 89 ™. 

»•». « r- $ - m «•■«• «•*.».«. 

>•« urn. 4 - , °-"-" <■■ »>■ «•»- 

•••> "■-..■*-;".V^-" 

153.6, 150.9, 143 6 ,„ e (Rotaine «» 5 168.7, 

•«•>. — »»•«. 

<«*• + 1, 20), 490 fir- ( 2 ' 7) ' 49 1 

(29> ' - .I; 4 ": 35 (10) ' 447 (3 >« «« 

2 '* O)- 265 (16), 2 4 ' , ^ ' 8 (5 '' 333 «U,. 332 (6) , 
"0 (18), 179 ( 25) , 170 (21 . ' '° 7 <13) ' 206 »«. 192 (7), 

<7, ' i5 ° -'-3^" ris^r' 164 ,i3, - is2 

(8, < 82 75 (20). 73 (30 M 7 I/ ^ ' " ^ 89 

< 7 >' 55 (4, ; ir (NEAT) 33,4!! 58 (S) ' 57 < 4l » • 56 

s.^.^^r 1, 2930 ' 2857 ' 

"59, 1 228 , 1203( ' 1397 < "60, 1333, 1287, 

666 cm-. ' U15 ' 1039 ' 1004 < ^9, 837, 814, 777 



--™l>-<-*e„^ 

r 9 r; f * im ~ - -9 

ea to the silyi^ether 71 m fi o „ , „ 

EtOAc/Pet-Ether 40°- 6n°> , h ° Ur TLC < 50 * 

0* Sta r tin3 roater al 6 ° s l t reVealed thS — *«• disappearance 

reaction mixture ext " ^ WaS **** - 

mixture extracted with EtOAc n v cn rl 

vcuo to give a dark Qrange * , ' pu ^" d and ev ^ted - 

ye on. Purification by flash 
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chromatography (99% CHCl,/MeOH) provided the pure alcohol 72 as 
a white solid (1.15 g, 89%): [a] ai D = -13.17 ° (c-= 0.15, 
CHC1 3 ); l H NMR (270 MHz, CDC1,) 5 8.59 (br s, 1H) , 7.69 (s, 1H) , 
6.82 (s, 1H), 6.03-5.89 (m, 1H) . 5.35 (ddd, 1H, J = 17.22, 
3.11, 1.65 Hz), 5.24 (ddd, 1H, J= 10.44, 2.75, 1.28 Hz), 
5.02-4.94 (m, 2H) ( 4.66-4.62 (m, 3H) , 4.23-3.57 (m, 11H) , 2.77 
(dd, 1H, J = 15.94, 8.42 Hz), 2.48 (d, 1H, J= 15.94 Hz); "C 
NMR (67.8 MHz, CDC1 3 ) 5 170.3, 153.8, 151.0, 144.2, 143.1, 
132.5, 131.2, 118.1, 115.9, 110.4, 108.1, 104.9, 65.8, 65.1, 
59.8, 56.4, 56.0, 54.2, 34.1; MS (EI), m/z (relative 
intensity) 378 (M** +2, 3), 377 (M" + 1, 14), 376 (M*<, 51), 
319 (3), 265 (10), 264 (62), 263 (4), 259 (8), .224 (4), 223 
(18), 220 (17), 208 (5), 207 (14), 206 (100), 192 (8), 190 

(5) , 180 (27), 179 (29), 178 (4), 164 (23), 163 (4), 152 (12), 
15 151 (6), 150 (19), 137 (5), 136 (22), 135 (6), 125 (6), 120 

(6) , 113 (6), 112 (31), 109 (6), 108 (11), 95 (4), 94 (9), 82 
(28), 80 (8), 67 (5), 57 (5), 54 (7), 53 (7),- IR (NUJOL*) 3341 
and 3245 (br, OH and NH), 3115, 2918, 2850, 1727, 1616, 1540, 
1464, 1399, 1378, 1351, 1283, 1264, 1205, 1179, 1117, 1055, 
1040, 996, 946, 909, 894, 855, 823, 768, 754, 722, 696, 623, 
602cm- 1 ; exact mass calcd for C^H^O, m/e 376.1634, obsd m/e 
376.1614. 

(ll5,lla5)-10-Allyloxycarbonyl-7,8-dimethoxy-ll-hydroxy-2- 
methylidene-1, 2,3, 10, 11, lla-hexahydro-5H-pyrrolo [2, 1- 
25 c] [l,4]benzodiazepin-5-one (73) 

A solution of DMSO (0.75 mL, 0.82 g, 10.5 mraol) in CH a Cl a (27 
mL) was added dropwise over 38 minutes to a solution of oxalyl 
chloride (2 . 64 mL of a 2.0 M solution in CH a Cl a , 5.27 mmol) at 
-45°C (liq.N 2 /Chlorobenzene) under a nitrogen atmosphere. 
After stirring at -45°C for 1 h, a solution of the alcohol 72 
(1.10 g, 2.93 mmol) in CH a Cl a (27 mL) was added dropwise over 1 
hour at -45°C. After 1 hour at -45°C, the mixture was treated 
dropwise with a solution of TEA (1.71 mL, 1.24 g, 12.29 mmol) 
in CH 2 Cl a (15 mL) over 40 minutes at -45°C. After a further 30 
35 minutes, the reaction mixture was allowed to warm to room 

temperature and was diluted with CH a Cl a (50 mL) , washed with IN 
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'='. 223 J ; 2 » <«..2„ 

° - .... .23 , 8) , 320 ; e) 15 ; 0 ;/ ; « «... 

80 / IR (CHCl.) 3275 , h J " (5> ' 82 (59 >< 

«*. "04, J 16 . LT Js 'Z 3075, 2936 ' 28si ' i7os ' 

ma. uu. 1U9 . 107 ' 3 '" 68 < 1312 ' »*• 
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the novel PBD (74, MMY-SJG, UP2064) as a yellow oil which was 
repeatedly evaporated la vacuo with CHC1, in order to provide 
the N10-CU imine form (259 rag, 85%): («]», = +583.14 0 (c = 
1.42, CHC1,); 'H NMR (270 MHz, CDC1,) 5 7.69 (d, IH, J = 4.39 
Hz), 7.51 (s, IH), 6.82 (s, IH) , 5.21-5.17 (m, 2H) , 4.44-4.23 
(«. 2H), 3.96-3.81 ( B< 7H), 3.17-3.08 (ra, IH) , 2.95 (d, IH, J 
= 14.29 Hz); »C NMR (67.8 MHz, CDC1,) 6 164.7, 162.6, 151.5, 
147.6, 141.6, 140.8, 119.8, 111.2, 109.4, 109.4, 56.2, 56.1, 
53.8, 51.4, 35.5; MS (EI), m/z (relative intensity) 273 (M* - + 
1, 16), 272 (W, 100), 271 (35), 270 (9), 255 (5), 243 (7), 
241 (7), 230 (6), 228 (6), 226 (5), 212 (3), 192 (4), 191 
(16), 165 (4), 164 (19), 163 (4), 136 (22), 93 (6), 82 (7), 80 
(3), 53 (3); IR (NEAT) 3312 (br) , 3083, 2936, 2843, 1624, 
1603, 1505, 1434, 1380, 1264, 1217, 1180, 1130, 1096, 1069, 
1007, 935, 895, 837, 786, 696, 666, 594, 542 era-; exact mass 
calcd for CufluNA m/e 272.1161, obsd m/e 272.1154. 



Example 2(d) t Sy nthesis of the PBD nil 
(see Flour-* 10) 



SJG-136 (OP2001) 




(25) -l,l'-tl (Propane-1, 3-dlyl Jdioxy] bis [ (2-nitro-5-methoxy- 
1 , 4 -phenyl ene ) carbonyl ] ] bis [ 2 - ( t ert- 

butyldimethylsllyioxymethyl) -4-methylidenepyrrolidine] (75) 
A catalytic amount of DMF (2 drops) was added to a solution of 
the dimer acid 44 (0.66 g, 1.42 mmol) and oxalyl chloride 
(0.31 mL, 0.45 g, 3.55 mmol) in THF (12 mL) . The reaction 
mixture was stirred for 16 hours under nitrogen, concentrated 
in vacuo, and redissolved in THF (10 mL) . The resulting 
solution of bis-acid chloride was added dropwise to the amine 
58 (0.65 g, 2.86 mmol), Hj O (0.84 mL) and TEA (0.83 mL, 0.60 g, 
5.93 mmol) in THF (2 mL) at 0°C (ice/acetone) under nitrogen. 
The reaction mixture was allowed to warm to room temperature 
and stirred for a further 2 hours at which time TLC (EtOAc) 
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minutes saturated NH.Cl (120 mL) was added. The aqueous 
solution was extracted with EtOAc (3 X 80 mL) , washed with 
brine (80 mL) , dried (MgSOJ , filtered and evaporated in vacuo 
to gxve a dark orange oil which was purified by flash 
chromatography (97% CHCl,/MeOH) to provide the pure diol 76 as 
a light orange solid (0.98 g, 94%, : [«]»„ = -31.9 « (c - 0 09 
CHC1,); *H NMR (270 MHz, CDC1,) (Rotamers) 6 7.75 and 7.71 (s x 
2, 2H.„), 6.96 and 6.84 (s x 2, 2H_) , 5. 08, 5.02 and 4.88 (br 
s x 3, 4H, NCH,C=CH,), 4.61-4.50 (m, 2H, NCfiCH,OH) , 4.35-4 33 
(m, 4H, 0Cff,CH,CH,O). 4.02-3.65 <m, 14H, NCHCH,OH, NC^OCH, and 
OCH,), 2.88-2.43 (m, 6H, NCH,C=CH,CH, and OCH,CH,CH,0) ; l, C NMR 
(67.8 MHz, CDC1.) (Rotamers) 5 167.9 and 166.9 (NC=0) , 154 9 
and 154.3 (C wt ) , 148.4 and 148.2 (C wt) , 143.3 and 142.6 <C_) , 
137.2 and 137.0 (C w ), 127.6 and 127.3 (C we ) , 109.1 (C-H , 
108.4 (NCH,C=CH,), 108.2 (C-H„J , 65.6 and 65.4 (OCH jC H,CH,0> , 
64.5 and 63.3 (NCHCH,OH) , 60.5 and 60.0 (NCHCH,OH) , 56.8 and 
56.7 (OCH,) , 52.9 (NCH,C=CH,) , 35.0 and 34.3 <NCH,C=CH,CH,) , 29.6 
and 28.6 (OCH,CH,CH,0) ; MS (FAB) (Relative Intensity) 657 (M* - + 
1, 10), 639 (M-OH, 2), 612 (1), 544 <M-NCH,CCH,CH,CHCH,OH, 4), 
539 (1), 449 (16), 433(9), 404 (8), 236 (32), 166 (65), 151 
(81), 112 (82), 82 (100); IR (NUJOL') 3600-3200 (br. OH), 2923, 
2853, 2360, 1618, 1582, 1522 (NO,), 1459, 1408, 1375, 1335 
(NO,), 1278, 1218, 1061, 908, 810, 757 cm" 1 . 

(25) -l,l'-[£ (Propane-l,3-diyl)dioxy]bis [ (2-amino-5-methoxy- 
l,4-phenylene)carbonyl] ]bis [2- (hydroxymethyl ) -4- 
methylidenepyrrolidine ] ( 77 ) 

A mixture of the diol 76 (0.98 g, 1.49 mmol) and SnCl,.2H,0 
(3.36 g, 14.9 mmol) in MeOH (35 mL) was heated at reflux and 
the progress of the reaction monitored by TLC (90% CHCl,/MeOH) . 
After 45 minutes, the MeOH was evaporated in vacuo and the 
resulting residue was cooled (ice) , and treated carefully with 
saturated NaHCO, (120 mL) . The mixture was diluted with EtOAc 
(120 mL) , and after 16 hours stirring at room temperature the 
inorganic precipitate was removed by filtration through 
celite. The organic layer was separated, washed with brine 
(100 mL), dried (MgSOJ, filtered and evaporated in vacuo to 
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yellow oil (54 mg, 63%): «H NMR (270 MHz, CDC1.) 
(diastereoisomers) 5 6.73 (s. 2H_) , 6.32 ( S( ' 2Hot J , 4 60-4 30 
C. 2H. NCflCH,OH) , 4.19 (t. 4H, J = 5 .87 Hz, OCH.CH^O) , 3.78- 
3.50 (m, 14H, NCHCtf,OH, NCtf,CHCH, and OCH,) , 2.40-1.55 (m, 8H, 
NCHjCHCH, , OCH,CH,CH,0 and NCH,CHCH,CH,) , 1.00-0.95 (m, 6H, ' 
NCH,CHCHj) ; MS (EI), m/z (relative intensity) 600 (M*\ 16), 459 
(46), 345 (16), 206 (13), 186 (17), 180 (31), 166 (37), 149 
(6), 142 (76), 100 (6), 98 (13), 97 (29), 84 (81), 69 (7) 55 
(100). 



<2S) -1, 1»- [ [ <Propane-l,3-diyl)dioxy]bis [ (2- 

allyloxycarbonylamino-5-»ethoxy-l, 4-phenylene) carbouyl J ] bis [2- 
(hydroxymethyl ) -4-methylidenepyrrolidine] (78 ) 

Pyridine (0.47 mL, 0.46 g, 5.82 mmol) was added to a stirred 
solution of the bis-amine 77 (0.857 g, 1.44 mmol) in CH,C1, 
(30 mL) at 0°C (ice/acetone) . The cool mixture was then 
treated dropwise with a solution of allyl chloroformate (0.33 
mL, 0.38 g, 3.15 mmol) in CH,C1, (10 mL) . After 2.5 hours 
stirring at room temperature, the mixture was diluted with 
01,01, (60 mL), washed with IN HC1 (2 X 50 mL) , H,0 (80 mL) , 
brine (80 mL) , dried <MgS0 4 ) , filtered and evaporated in vacuo. 
The crude residue was purified by flash chromatography (70- 
100% EtOAc/Petroleum Ether) to afford the allyl cartamate 
compound 78 as a slightly orange glass (0.548 g, 50%): 'H NMR 
(270 MHz, CDC1,) 5 8.58 (br s, 2H, NH) , 7.56 (s, 2H im ) , 6.78 
(s- 2H ra ), 6.03-5.88 (m, 2H, NCO,CH,CH=CH, ) , 5.39-5.21 (m, 4H, 
NCO,CH,CH=Cff,) , 5.00 (br s, 2H, NCH^CH,) , 4.93 (br s, 2H, 
NCH,C=Cff,), 4.70-4.57 (m, 4H, NCO,CH,CH=CH,) , 4.30-4.25 (m! 4H, 
Oaf,CH,CH,0) , 4.17-3.90 (m, 8H, NCHCH,OH and NCH,C=CH,) , 3.81- 
3.54 (m, 8H, NCHCHjOH and OCif,) , 2.76 (dd, 2H, J= 8.52, 15.85 
Hz, NCH,C=CH,Ctf 3 ), 2.49-2.44 (m, 2H, NCH,C=CH,Ctf,) , 2.36-2.28 (m, 
2H, OCH,CH,CH,0) ; »C NMR (67.8 MHz, CDC1,) 6 170.3 (NC=0^) , 
153.8 (NC=O c ^. t .), 150.5 (C wt ), 144.8 (C^ t ) , 143.1 (C wt ) , ' 
132.5 <NCO,CH,CH=CH,), 130.7 (C wl ) , 118.1 (NCO,CH,CH=CH,) , 116.8 
(C w ), 110.9 <C-H_), 108.1 (NCH,C=CH,), 106.9 (C-H^) , 65.7 
<NCO,CH,CH=CH,) , 65.4 (OCH,CH,CH,0) , 65.1 (NCHCH,OH) , 59.8 
(NCHCH j0 H), 56.5 (OCH,) , 53.9 (NCH,C=CH,) , 34.2 (NCH,C=CH,CH,) , 
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29 * 7 ^ 29 • 2 <OCH,CH,CH,0); MS (FAB) , Rp , 
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(Relative Intensity) 743 (*T - 17, 16), 725 (17), 632 (13) 
574 (8), 548 (13), 490 (10), 481 (9), 441 (7), 425 (6), 25' 
(12), 232 (20), 192 (46), 166 (52), 149 (100), 91 (59); IR 
(NUJOL*) 3234 (br, OH), 2923, 2853, 2361, 1707, 1604, 1515, 
1464, 1410, 1377, 1302, 1267, 1205, 1163, 1120, 1045, 999,' 
955, 768, 722 cm" 1 . 



1, 1'- i [ ( Propane- 1, 3-diyl)dioxy]bis [ (llaS) -7-methoxy-2- 
methylidene-1, 2 , 3 , lla-tetrahydro-5ff-pyrrolo [2 , 1- 
c] ll,4]benzodiazepin-5-one] (80, SJG-136) 

A catalytic amount of tetrakis (triphenylphosphine) palladium 
(11 mg, 9.52 junol) was added to a stirred solution of the bis- 
alloc-carbinolamine 79 (139 mg, 0.183 mmol) , 

triphenylphosphine (4.8 mg, 18.3 Mmol) and pyrrolidine (27 mg, 
0.380 mmol) in CH a Cl a /CH,CN (13 mL, 10:3) at 0°C (ice/acetone) 
under a nitrogen atmosphere. The reaction mixture was allowed 
to warm to room temperature and the progress monitored by TLC 
(95% CHCl,/MeOH) . After 2 hours 15 minutes TLC revealed the 
reaction was complete, proceeding via the presumed half -imine 
product 261, to give a TLC spot which fluoresced brightly 
under UV. The solvent was evaporated in vacuo and the 
resulting residue subjected to flash chromatography (98% 
CHCl 3 /MeOH) to give the bis-imine target molecule 80 (SJG-136) 
as a pale orange glass (78 mg, 77%) which was repeatedly 
evaporated in vacuo with CHC1, to provide the imine form: [a]" D 
= +357.7 (c = 0.07, CHC1,); Reverse Phase HPLC (C 4 stationary 
phase, 65% MeOH/H a O mobile phase, 254 nm) , Retention time = 
6.27 minutes, % Peak area = 97.5%; *H NMR (270 MHz, CDC1,) 
(imine form) 5 7.68 (d, 2H, J = 4.4 Hz, iiC=N) , 7.49 (s, 2H„,J , 
6.85 (s, 2H„ a J, 5.20 (s, 2H, NCH a C=Ctf a ) , 5.17 (s, 2H, 
NCH a C=CH,), 4.46-4.19 (m, 4H, OCH,CH 3 Cff a O) , 3.92 (s, 6H, OCH,) , 
3.89-3.68 (m, 6H, NCH 2 C=CH a and NC/JHC=N) , 3.12 (dd, 2H, J = 
8.61, 16.21 Hz, NCH a C=CH a Ctf a ) , 2.68 (d, 2H, J = 16.30 Hz, 
NCH a C=CH 2 Cff a ) , 2.45-2.38 (m, 2H, 0CH a Cff 2 CH a 0) ; "C NMR (67.8 MHz, 
CDC1 3 ) (imine form) 5 164.7 (NC=0) , 162.6 (HC=N) , 150.7 (C^ t ) , 
147.9 [C w ) t 141.5 (C w ), 140.6 [C w ) , 119. 8 (C w ) , 111.5 (C- 
H ra ), 110.7 (C-H^), 109.4 (NCH a C=CH a ) , 65.4 (OCH a CH a CH a O) , 56.1 
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1, 1' - [ t (Propaae-1, 3-dlyl) dioxy]bis tS-amlno-N-allyioxycarbonyl- 
5-methoxy-l, 4-phenylene ) carbonyl] ] -bis [ (2S) -2 -hydroxymethyl-4- 
methylidene-2, 3-dihydropyrrole] (78) 

An aliquot of hydrogen f luoride/pyridine complex (0.8 mL, 70% 
HF, 30 % pyridine) was added to a solution of the bis-silyl 
ether 206 (285 mg, 0.287 mmol) in THF (10 mL) at 0°C under a 
nitrogen atmosphere. Stirring was continued at 0°C for 30 
minutes and the reaction mixture was then allowed to rise to 
room temperature over a 1 hour period. The reaction mixture 
was neutralised with sodium bicarbonate and extracted with 
dichloromethane (3 x 30 mL) . The combined organic phase was 
washed with brine and dried over magnesium sulphate. Removal 
of excess solvent under reduced pressure afforded the product 
78 as a yellow gum (218 mg) . 

1,1' [ [ (Bropane-1, 3-diyl) dioxyjbis (lis, UaS) -10- 

(allyloxycarbonyl)-ll-hydroxy-7-methoxy-2-methylideiie- 

1, 2 , 3 , 10, 11, lla-hexahydro-SH-pyrrolo 12 , 1-c] [1, 4-benzodiazepin- 

5-one] (79) 

A solution of dimethyl sulphoxide (0.55 mL, 7.75 mmol) in dry 
dichloromethane (10 mL) was added dropwise, over a 15 minute 
period, to a stirred solution of oxalyl chloride (0.32 mL, 
3.67 mmol) in dichloromethane (10 mL) at - 45<>C under a 
nitrogen atmosphere. The reaction mixture was allowed to stir 
for 35 minutes at - 45°C followed by addition of the diol 78 
(1.01 g, 1.32 mmol) in dichloromethane (10 mL) , at the same 
temperature, over 15 minutes. After a further 45 minutes a 
solution of triethylamine (1.50 mL, 10.76 mmol) in 
dichloromethane (10 mL) was added over a period of 15 minutes. 
The reaction mixture was allowed to stir at - 45°c for 30 
minutes before being allowed to warm to room temperature over 
45 minutes. The reaction mixture was diluted with water and 
the phases were allowed to separate. The organic phase was 
washed with 1M HC1 (3 x 50 mL) , sat. sodium chloride (50 mL) 
and dried over magnesium sulphate. Removal of excess solvent 
yielded the crude product, which was purified by flash column 
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mL) and the reaction mixture was allowed to stir at 0°C for 1 
h. The cold reaction mixture was treated dropwise over 20 
minutes with a solution of 1,5-pentanediol (207) (3. 8 3 mL, 
4.03 g, 53.0 mmol) in THF (4 mL) . The reaction mixture was 
allowed to stir overnight at room temperature and the 
precipitated product (208) was collected by vacuum filtration. 
Dilution of the filtrate with methanol precipitated further 
product (208). The combined precipitate (12.3 g, 52 % based 
on pentanediol) was used in the next step without further 
purification: *H NMR (270 MHz , CDC1.) 5 7.65 (dd, 2H, J = 
2.01, 8.42 Hz), 7.54 (d, 2H, J = 2.01 Hz), 6.87 (d, 2H, J - 
8.42 Hz), 4.10 (t, 4H, J = 6.59 Hz), 3.90 (s, 6H) , 3.89 (s, 
6H), 2.10-1.90 (m, 4H) , 1.85-1.26 (m, 2H) . 

1' , 5'-Bi 6 [2-methoxy-4- <me1Aoxycarbonyl)-5-aitropfaeno*y]penta*e 
(209) 

Solid copper (II) nitrate trihydrate (16.79 g, 69.5 mmol) was 
added slowly to a stirred solution of the bis-ester (208) (12 
g, 27.8 mmol) in acetic anhydride (73 mL) at 0°C. The 
reaction mixture was allowed to stir for 1 hour at 0°C, the 
ice bath was removed and the reaction mixture was allowed to 
warm to room temperature a mild exotherm, c. 40°C, accompanied 
by the evolution of NO, occurred at this stage. After the 
exotherm had subsided stirring at room temperature was 
continued for 2 hours. The reaction mixture was poured into 
ice water and the aqueous suspension allowed to stir for 1 h. 
The resulting yellow precipitate was collected by vacuum 
filtration and dried in air to afford the desired bis nitro 
compound (209) (14.23 g, 98 %) : *H NMR (400 MHz, CDC1, + DMSO) 
5 7.45 (s, 2H), 7.09 (s, 2H) , 4.14 (t, 4H, J = 6.31 Hz), 3.97 
<s, 6H), 3.90 (s, 6H), 2.20-1.94 (m, 4H) , 1.75-1.70 (m, 2H) . 

l',5'-Bi S (4-carboxy-2-methoxy-5-nitrophenoxy) pentane (210) 

A suspension of the ester 209 (9.0 g, 17.2 mmol) in aqueous 
sodium hydroxide (1 M, 180 mL) and THF (180 mL) was allowed to 
stir until a homogenous solution was obtained (2 days). THF 
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washed with ammonium chloride (150 mL) , sat. sodium 
bicarbonate (150 mL) , brine (150 mL) and dried over magnesium 
sulphate. Filtration followed by rotary evaporation under 
reduced pressure afforded the crude product as a dark oil. 
The crude product was subjected to flash column chromatography 
(3% methanol, 97% chloroform) and removal of excess eluent 
isolated (211) (3.70 g, 37% yield): 'H NMR (270 MHz, CDC1.) 8 
7.65 (s, 2H), 6.77 (s, 2H) , 4.52 (bs, 2H) , 4.40 (bs, 2H) , 
4.17-4.10 (m, 6H), 3.92 (s, 6H) , 3.77 (d, 2H, J= 10.26 Hz), 
3.32 <td. 2H, J= 4.40, 11.35 Hz), 3.08 (d, 2H, J= 11.35 Hz), 
2.37-2.27 (m, 2H> , 2.10-2.00 (m, 6H) , 1.75-1.60 (m, 2H) , 0.91 
(s, 18H), 0.10 (s, 12H) . 

1, 1' - [ [ (Pentane-1, 5-diyl)dioxy]bis [2-amino-5-methoxy-l,4- 
phenylene) carbonyl] ] -bis t (25, 4 J?) -2-t- 
butyldimethylsilyloxymethyl-4-hydro^pyrrolidine] (212) 

A methanolic solution of hydrazine hydrate (1.25 mL, 1.29 g, 
40.2 mmol of hydrazine, 20 mL of methanol) was added dropwise 
to a solution of the bis-nitro compound 211 (3.6 g, 3.91 mmol) 
in methanol (68 mL) gently refluxing over Raney nickel (510 mg 
of a thick slurry) . After 5 minutes at reflux TLC (10% MeOH, 
90% chloroform) revealed the incomplete consumption of 
starting material. The reaction mixture was treated with 
additional Raney nickel (c 510 mg) and hydrazine (1.25 mL) in 
methanol (20 mL) resulting in complete consumption of starting 
material. Excess Raney nickel was added to the reaction 
mixture to decompose unreacted hydrazine hydrate and the 
reaction mixture was then allowed to cool. The reaction 
mixture was filtered through celite to remove excess Raney 
nickel and the filter pad washed with additional methanol 
(Caution! Raney nickel is pyrophoric, do not allow filter pad 
to dry, use cone. HC1 to destroy nickel). The combined 
filtrate was evaporated by rotary evaporation under reduced 
pressure and the residue re-dissolved in dichlorome thane. The 
dichloromethane solution was dried over magnesium sulphate, (to 
remove water associated with the hydrazine) , filtered and 
evaporated to afford the product (212) as a foam (3.37 g, 
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minutes. The reaction mixture was allowed to stir at -60°C 
for 30 minutes prior to the dropwise addition of a solution of 
triethylamine (4.75 g, 6.54 mL, 46.9 mmol) in dichloromethane 
(27 mL) . Stirring was continued at - 60°C for 45 minutes and 
then allowed to warm to 0°C. The reaction mixture was diluted 
with dichloromethane (20 mL) , washed with cold 1 M HC1 (2 x 
100 mL), sat. sodium chloride (100 mL) and dried over 
magnesium sulphate. Removal of excess solvent afforded the 
crude bis-ketone which was purified by flash column 
chromatography (50% ethyl acetate, 50% 40-60° petroleum ether) 
to yield the pure bis-ketone (214) as a pale yellow foam (2.54 
g, 72%): *H NMR (270 MHz, CDC1.) 6 8.69 (bs, 2H) , 7.78 (s, 
2H), 6.75 (s, 2H), 6.05-5.80 (m, 2H) , 5.40-5.20 (m, 4H) , 4.65- 
4.60 (m, 4H), 4.20-3.60 (m, 20H) , 2.74 (dd, 2H, J= 9.25, 18.1 
Hz), 2.51 (d, 2H, J S 17.4 Hz), .2. 00-1. 90 (m, 4H) , 1.75-1.65 
(m, 2H), 0.87 (s, 18H) , 0.05 (s, 12H) . 

Elaboration of bis Kot-one and P.-^ ra ti nn „ f hha 
Molecule 

1, 1 ' - 1 [ (Pentane-1, 5-diyl ) dioxy] bis ( 2 - amino-N-ally loxycarbonyl - 
5-methoay-l, 4-phenylene) carbonyl] ] -bis I (2S) -2-t- 

butyldimathylEilyloxymethyl-4-mBthyliclene-2,3-dihydropyrrole] 
(215) 

A solution of potassium- t-butoxide in dry THF (0.5 M, 25.2 mL, 
12.6 mmol) was added dropwise to a suspension of 
methyltriphenylphosphonium bromide (4.50 g, 12.6 mmol) in dry 
THF (15 mL) . The resulting yellow ylide suspension was 
allowed to stir at 0<>c for 2 hours before the addition of a 
solution of the bis-ketone 214 (2.48 g, 2.42 mmol) in THF (10 
mL) at 10°C. The reaction mixture was allowed to warm to room 
temperature and stirring was continued for a further" hour. 
The reaction mixture was partitioned between ethyl acetate 
(100 mL) and water (100 mL) and the organic layer was washed 
with sat. sodium chloride (200 mL) and dried over magnesium 
sulphate. Removal of excess solvent gave a brown oil that was 
subjected to flash column chromatography (50% ethyl acetate, 



WO 00/12508 

PCT/GB99/02838 

120 

zzz~ t: r f ° ra the «— <•»> - • 

. <«■ «. 4... , bs . „. ^ 6 2 <* »• 

■ «•*"•«. <». 2 . 7 „ (bs , 4B ,, 2 00-1 90 i ""' 

'■^•^M««,, lll .*"" i ' taK " l -«- 

A solution of TBAF (3.02 „«,,.,,, 

-» - — to the bi , silyl >-« 

«> ^ ™ F (30 »>, at OOC (ice/aceton < l '« 

mixture was allowed to warm ^ ' rea «ion 

chloride a„ m , atled fiUe «a 2 

^ ^ ur irication by flash 

chromatography ( 97% CHCV 3 %MeOH) provided the 

7 ' 58 <*' 2 «>'^ ( - 2H), 6.05-5.90 (^2H) 5 40 

«*>. 5-01 (bs, 2H), 4.93 (bs 2H , ! J S^" 5 " 20 C 

—- H2)( 2 ,o-i,o (ra , 4 „ ) ;:,:: 1 r:; r «■ 
^r" taM ' i ' 5 " aiyi)diojv]bi8(i ^ 11 ^-"- 

5-one] (217) 12,1 Cl U^-beazodiazepin- 

A solution of dimethyl sulphoxide (0 57 mL 0 « „ 
in dry dichloromethane ,17 was adl^' ^ IMn0l, 

-ute period, to a stirred ^ZlTT ^2 T 9 " 
^ of a 2 M solution. 4,4 mmol, at - 45" ' ^ 
atmosphere. The reaction „ 3 nitrogen 

reactxon maxture was .allowed to stir for 40 



WO 00/12508 PCT/GB99/02838 

121 

minutes at - 45°C followed by addition of the diol 216 (0.89 
g, 1.12 mmol) in dichloromethane (17 mL) , at the same 
temperature, over 15 minutes. After a further 60 minutes a 
solution of triethylamine (1.31 mL, 9.42 mmol) in 
dichloromethane (9 mL) was added over a period of 40 minutes. 
The reaction mixture was allowed to stir at - 45°c for 40 
minutes before being allowed to warm to room temperature over 
45 minutes. The reaction mixture was diluted with water and 
the phases were allowed to separate. The organic phase was 
washed with 1 M HC1 (2 x 40 mL) , water (40 mL) , sat. sodium 
chloride (40 mL) and dried over magnesium sulphate. Removal 
of excess solvent yielded the crude product, which was 
purified by flash column chromatography (1% methanol, 99% 
chloroform) to afford the product 217 (0.175 g, 20%): *H NMR 
(400MHz, CDC1 5 ) 5 7.22 (s, 2H) , 6.65 (s, 2H) , 5.82-5.70 (m, 
2H), 5.58 (d, 2H, J= 9.70 Hz), 5.25-5.00 (m, 8H) , 5.75-4.35 
(m, 4H), 4.30 (d, 2H, J = 16.10 Hz), 4.15 (d, 2H, J. = 17.03 
Hz), 4.01 (t, 4H, J = 6.32 Hz), 3.90 (s, 6H) , 3.64 (t, 2H, J = 
8.70 Hz), 3.00-2.85 (m, 2H) , 2.71 (d, 2H, J = 16.29 Hz), 2.00- 
1.85 (m, 4H), 1.70-1.60 (m, 2H) . 



1,1' I [ (peatane-1, 5-diyl)dioxy]bis [ (llaS) -7-methoxy-2- 
methyli dene -1,2 , 3 , lla-tetrahydro-5H-pyrrolo [2,1- 
C] [l,4Jbenzodiazepin-5-one] (218) 

A catalytic amount of tetrakis (triphenylphosphine) palladium 
(13 mg, 11.2 mmol) was added to a stirred solution of the bis- 
alloc-carbinolamine (217) (170 mg, 0.22 mmol), 
triphenylphosphine (5.7 mg, 21.6 mmol) and pyrrolidine (31 mg, 
37.3 mL 0.45 mmol) in DCM (13 mL) at 0°C (ice/acetone) under a 
nitrogen, atmosphere. The reaction mixture was allowed to 
warm to room temperature and the progress of reaction 
monitored by TLC (95% CHCl./MeOH) . After 2 hours TLC revealed 
the reaction was complete to give a spot, which fluoresced 
brightly under UV light. The solvent was evaporated under 
reduced pressure and the resulting residue subjected to flash 
chromatography (99% to 98 CHCl,/MeOH) to give the bis-imine 
target molecule 218 as a pale yellow glass (84.5 mg, 75%) 
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25.8, 18.1, -5.46. 



(2S) -N- [4-benzyloxy-5-methoxy-2- (2 • , 2«, 2'- 
trichloroethoxy) carboayl amino] -2- (tert- 
butyldimethylsllyloxymethyl ) -4-oxopyrrolldlne ( 169 ) 

A solution of DMSO (7.80 g, 99.8 mmol) in dry dichloromethane 
(18 mL) was added dropwise, over 30 minutes, to a solution of 
oxalyl chloride (6.34 g, 49.9 mmol) in dry dichloromethane 
(25 mL) at - 45°C under a nitrogen atmosphere and the reaction 
mixture allowed to stir for a further 15 minutes, a solution 
of the substrate 168 (22.01 g, 33.3 mmol) in dichloromethane 
(50 mL) was added dropwise over 40 minutes to the reaction 
mixture, which was then allowed to stir for 45 minutes at - 
45°C. Finally, neat triethylamine (23.52 g, 232.9 mmol) was 
added dropwise over 30 minutes and the reaction mixture 
allowed to stir at -45°C for 15 minutes. The reaction mixture 
was allowed to warm to room temperature, diluted with water 
(150 mL) and the organic phase washed with dilute HC1 (In, 100 
mL), water (100 mL) and brine (100 mL) . The organic phase was 
dried over magnesium sulphate, filtered and concentrated in 
vacuo to afford the crude product which was subjected to 
column chromatography (ethyl acetate/40-60 petroleum ether, 
50:50). Removal of excess eluent afforded the product (20.15 
g, 92% yield). l H NMR (270 MHz, CDC13) 6 7.88 (bs, 1H) ; 
7.49-7.28 (m, 5H) ; 6.80 (s, 1H) ; 5.22 (d, J = 12.1 Hz, 1H) ; 
5.17 (d, J = 12.1 Hz, 1H); 4.80 (bs, 2H) ; 4.10-3.60 (m, 8H) ; 
2.75 (dd, J = 18.0, 9.5 Hz, 1H) ; 2.52 (d, J = 18.0 Hz. 1H) ; 
0.87 (s, 9H); 0.06 (s, 3H) ; 0.05 (s, 3H) . "C NMR (67.8 MHz) 5 
208.7, 168.8, 151.8, 150.6, 144.7, 136.0, 128.5, 128.1, 127.7, 
110.9, 106.4, 95.2, 74.4, 70.7, 66.0, 56.8, 56.4, 39.4, 25.8, 
18.0, -5.7. 
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the reaction mixture allowed to stir at -60°C for 15 minutes. 
The reaction mixture was allowed to warm to room temperature, 
diluted with water (150 mL) and the organic phase washed with 
dilute HC1 (IN, 100 mL), water (100 mL) and brine (100 mL) . 
The organic phase was dried over magnesium sulphate, filtered 
and concentrated in vacuo to afford the crude product which 
was subjected to column chromatography (ethyl acetate/40-60 
petroleum ether, 50:50). Removal of excess eluent afforded 
the product 171 (9.66 g, 89 % yield). >H NMR (270 MHz, CDC1,) 
5 7.45-7.33 (m, 5H) ; 7.27 (s, 1H) ; 6.95 (s, 1H) ; 5.76 (d, J = 
9.9 Hz, 1H); 5.52- 5.00 (m, 3H) , 4.33 (d, J = 6.8 Hz, 1H) ; 
4.30 (d, J = 19.2 Hz, 1H); 4.00-3.70 (m, 5H) ; 2.98 (dd, J = 
20.0, 10.4 Hz, 1H); 2.94 (d, J = 20.0 Hz, 1H) . »C NMR (67.8 
MHz) 5 207.7, 167.5, 154.5, 152.6, 150.8, 149.6, 135.8, 
128.9-127.3, 124.0, 114.5, 110.8, 95.0, 86.6, 75.0, 71.1, 
56.8, 56.2, 52.6, 40.2. 

(llaS) -4-benzyloxy-5-methoxy-4-oxo-l, 10, 11, lla-tetrahydro-5H- 
pyrrolo[2,l-c] [l,4]benzodiazepin-5-one (172) 

Cadmium/lead couple (1.15 g) was added to a solution of 
cyclized ketone (1 g, 1.84 mmol) in THF (5 mL) and aqueous 
ammonium acetate (IN, 15 mL) . The reaction mixture was 
allowed to stir for 90 minutes and then filtered through 
celite. The celite pad was washed with ethyl acetate (2 x 25 
mL) and the organic layer separated. The organic layer was 
washed with brine (50 mL) and dried over magnesium sulphate. 
Removal of excess solvent followed by column chromatography 
afforded the pyrrolobenzodiazepine 172 (0.324 g, 0.93 mmol). 
*H NMR (270 MHz, CDC1,) 5 7.75 (d, J = 4.4 Hz, 1H) ; 7.51 ( s , 
1H); 7.46-7.27 (m, 5H) ; 5.23 (d, J = 12.3 Hz, 1H) ; 5.17 (d, J 
= 12.3 Hz, 1H), 4.24-4.40 (m, 3H) , 3.96 (s. 3H) , 3.12 (dd, J = 
19.6, 8.8 Hz, 1H); 2.99 (dd, J = 5.0 Hz, 1H) . "C NMR (67.8 
MHz) 5 206.7, 165.5, 161.4, 151.1, 148.5, 140 .5, 136.0, 
128.7-127.1, 118.9, 111.7, 111.3, 70.9, 56.4, 53.4, 51.0, 
40.0. 
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acetate, 70% 40-60* petroleum ether, Rem " \ ^ 
afforded the product ( 182) as . 'whic " 7" ^ 
(420 mg, 0.62 mmol, 71%) . _ ? S01 ^ on standing 

NMR (270 MHz CDC1 » ci./r • = 1 -°° 2 CHC1 '> ' * 

7 « f 7 3> C1S/trans mix ture, rotamers 5 8.90 (bs 1H , 

7-95 (s, 1H), 7.76-7.65 (m 2H1 7 « , '' 

<m, ^H, , 7.55 (m, 7H) , 6.9 ( s Ihi e. m 
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4.64-4.59 (m, 2H) , 3.91-3.70 <m, 9H) , 3.00-2.95 (m, 2H) . HRMS 
(FAB) 673 (M + l). Anal. Calcd for C„H 4 .N a 0 7 Si : C, 67.83; H, 7.19; 
N, 4.16. Found C, 67.64; H, 7.33; N, 4.03. 

(25)-W-[(2-allyloxycarnoylamino)-4-ben2yloxy-5-methoxy]-2- 
(hydroxymethyl) -4- (4-methoxybenzylidene) pyrrolidine (183) 

A solution of TBAF in THF (1.21 mL, 1 M solution, 1.21 mmol) was 
added to a solution of 182 (0.65 g, 0.97 mmol) in THF (15 mL) at 
0°C The reaction mixture was allowed to warm to room 
temperature and stir overnight. Excess THF was removed by rotary 
evaporation under reduced pressure and the residue was 
partitioned between ethyl acetate (100 mL) and saturated ammonium 
chloride (1 mL) . The organic phase was washed with brine (100 
mL) and dried over magnesium sulphate. Excess solvent as 
evaporated under reduced pressure and the resulting residue was 
subjected to flash column chromatography (silica gel, 50% ethyl 
acetate and 50% 40-60° petroleum ether). Removal of excess 
eluent by rotary evaporation under reduced pressure afforded the 
compound 183 (0.9 g, 1.61 mmol, 65%). *H NMR (270 MHz, CDC1,) 
cis/trans mixture 5 8.55 (bs, 1H) , 7.50-7.10 (m, 8H) , 6.80-6.90 
(m, 3H), 6.40 and 6.29 (2 x bs, 1H) , 6.02-5.88 (m, 1H) , 5.40-5.10 
(m, 4H), 4.55-4.70 (m, 2H) , 4 . 50-4 . 30 (m, 1), 3.95-3.80 (m, 8H) , 
3.10-3.90 (m, 1H), 3.50-3.70 (m, 1H) . HRMS (FAB) Calcd for 
C 33 H„N 3 0 7 (M+H) 559.2444; Found 559.2462. 

(115, llaS) -10~allyloxycarbonyl-8-benzyloxy-ll-hydroxy-7-methoxy- 
2 - (4-methoxybenzylidene ) -I, 2 , 3 , 10 , 11 , lla-hexahydro-5H- 
pyrrolo[2 / l-c] [l,4]beazodiazepine-5-one (184) 

A solution of DMSO (0.41 mL, 5.80 mmol) in dry DCM (50 mL) was 
added dropwise to a stirred solution of oxalyl chloride (1.45 ml 
of a 2M solution, 2.90 mmol) at -40°C under a nitrogen atmosphere. 
After 45 minutes stirring at - 45°C, a solution of 183 (0.9 g, 
1.61 mmol) in DCM (50 mL) was added dropwise to the mixture over 
45 minutes. After stirring at - 45°C for 45 minutes the reaction 
mixture was treated dropwise with a solution of TEA (0.94 mL, 
6.76 mmol) in DCM ( 20 mL) over 30 minutes. After a stirring at 
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- 45° C for a further 40 minutes the reaction • 
to war, to room temperature and then di " 

diluted reaction mixture was wal d K " "* <3 ° ^ ' 

- «1 300 mx,, water l« «~ 

magnesium S ulp hate . Retnoval of exc 6 U5 ° — *i- over 
P-uct, which was suited to ToTuI T ^ 

30% et hyl acetate and S0 % iO^ ^T^ ^ 
of excess eluent afforded the product 184 as ^ ' *—* 
-ol. 69%,. *H NMR (270 MHz CDCU c " " <0 - 62 9 ' ^ 

«.»o... M ( m. 2H) , 6 . 7 r; ; 6 r mix 5 7 - 50 - 7 - 10 <m - 

3.io- a . M ( m. 2H) . hrms 1', cld'f 'V 3 - 90 - 3 ' 70 ^' 

557.2288; Found 559.2277. C »H„N j0 , (M+H) 

(HaS)-8-Benzyloxy-7-metho Jt y-2- ( 4. B1 ^v u 

T - P hen yl phosphine, Pyrrolidine 

t etraKistriphen yl phosphine were addaed se^ntTaL 
solution of substrate in dry dcm ^ tlally t0 a st "red 

allowed to stir at 6 reac tion mixture was 

Clr at 1:00111 temperature under a nih^„ 

resulting residue subjected to ryn6SS the 

gei, ^j:Zoi :rzr lma ch ~^ 

Petroleum ether to 70% et H' * aC6tate ' ? ° % 4 °- 60 ° 

— ^ * 2s Tu^J ' ~ 
yellow glass that was reprecipitTl f (185> " * 

Petroleum ether. f ™ acet ate with 40- 

* *«* (270 MHz, CDC1,, cis/trans mix 5 7 . 69 (a lH _ . qQ 
7-52 (s, 1H). 7.46-7.30 ,m, 5H, 7 20 7 16 7 ' 
2H)< 6.84 (8 , 1H) , 6 . 53 (bs 2H) 5 3() ? ' 6 - 92 " 6 - 88 

3.00 (m, 1H). 3.34-3.26 (m, 1 H ) , 3.12- 
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Example 3 t Synthesis of Compounds of formula ttt 

Overview of Synthesis 

The Biaryl PBDs 136, 138 and 140 were obtained by removal of 
the Troc protecting group from the protected carbinol amines 
135, 137 and 139. For compounds 136 and 138 the deprotection 
method of Dong et al, was employed (Cd/Pb, ammonium acetate 
buffer), however, this approach could not be applied to the 
preparation of 140 as this molecule contained a nitro group 
sensitive to the Cd/Pb couple. In this case a novel 
deprotection procedure involving the use of tetrabutyl 
ammonium fluoride was used. The protected biaryl 
carbinolamines were prepared by the Suzuki reaction, the 
common 7-iodo substituted protected carbinolamine 134 was 
exposed to the appropriate boronic acid in the presence of a 
15 palladium catalyst. This reaction is of wide scope as over 70 
boronic acids are commercially available. The iodo 
substituted protected carbinolamine 134 was furnished by Swern 
oxidation of the primary alcohol 133. The Swern procedure was 
particularly effective in this case but other oxidizing agents 
such as the Dess-Martin reagent, TPAP or pyridine sulphur 
trioxide complex and DMSO could also be employed. The primary 
alcohol 133 was afforded by coupling commercially available 
pyrrolidinemethanol to the Troc protected anthranilic acid 
chloride obtained by 132 by treatment with oxalyl chloride. 
25 The Troc protected acid was in turn prepared by exposing the 
anthranilic acid 131 to 2,2,2-trichloroethyl chlorof ormate . 
Other protecting groups can be used in place of Troc such as 
Nvoc, Teoc and Fmoc but care must be taken in choosing a 
protecting group as some groups such as Boc spontaneously form 
the isatoic anhydride when exposed to oxalyl chloride prior to 
the coupling step. 



20 



30 



The 9-methoxy PBD (101) was prepared in an analogous fashion 
demonstrating the versatility of the approach. 
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The 8-amino pbd (15 i, was prepare<J 

Protectin g gro up frojn ^ J h -oval of . Xroc 
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- »noc protecting group J^J™^ * ^ ° f 
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oxidation of the priaary ^ 148 Swern 
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The PBDs 96, 113, 120 and 194 were obtained in an identical 
fashion from the 2-nitrobenzoic acids 19, 108, 115 and 186. 

The dimer 90 was prepared in an analogous fashion from the 
core nitro compound 85; the core was assembled by joining 
5 together two units of the phenol 84 via Mitsonobu 

etherification. The phenol 84 was derived from syringic acid 
83 in a three step synthesis, the crucial step being the 
nitration of 82 which was performed with 70% nitric acid. 

The phenolic PBD 130 was prepared by an analogous route to 
10 that used for the synthesis of the PBD 143, however the 

requirement to incorporate a phenolic group prompted the use 
of a different protecting group, Teoc. The free PBD was 
obtained by treating the Teoc protected carbinolamine 129 with 
TBAF in warm acetonitrile. The phenol 129 was unmasked by the 
15 hydrogenolysis of the benzyloxy moiety of 128 in the presence 
of the Teoc protecting group (Troc would not' survive under 
these conditions) . The benzyloxy compound 128 was obtained by 
Swern oxidation of the primary alcohol 127 which was prepared 
by treating the amino alcohol 126 with Teoc chloro formate in 
20 the presence of base. 

Example 3(a) : Synt hesis of the C9/C9 ' -Dimethoxy PBD Dimer 
(90, DRH-165) (see Figure 15) 



0- Acetyl syringic acid (82) 

A suspension of syringic acid 81 (10.0 g, 50,5 mmol) in acetic 
anhydride (30. Og, 27.7 mL, 294.1 mmol) was warmed gently until 
a clear solution was obtained. Fused sodium acetate (0.5g, 
6.10 mmol) was added to the solution which was allowed to stir 
for 16 hours at room temperature. The solution was poured 
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into water (100 mL, and stirre(J th 

hydrolysis of any excess anhydride T^o l ^ 

acid was recrystalli 2e d frora wa J^T^^T ^ 

off-white powder ,11 2 g 46 7 Pr ° dUCt aS an 

- - *>•>•» ri csT^r cdci ' ,s 

HRMS calcd for 240 .063 4( found 240 .o 637 ^ ' 

4 -Aoeto 3V -3,5-di I net ll o^- 2 - nltrobeazoic ^ ^ 

Fuming nitric acid (5. 2 was added( 
solution of o-acetyl S yri„ glc acid 82 ^ « , " 
acetic anhydride (33 g , M) at ^ ^ 46 " 2 « 

was then allowed to stir for 3 ho reaCtl ° n 
action mix ture was poLd 0 L ^ ^ ~~ ~ 
Precipitate was collected by filtra ti n y6ll ° W 
x 100 mx, and dried in V J 0 J^'J^ ^ ^ « 

-now .lid (1 , 4 B) . h 1 nmr (27 ; f : d ^t;^;? paie 

M6thyl 3 ' 5 - ai - th ^-<'-^o J? y- 2 - nitrobea80ate (84) 

A catalytic amount of DMF (5 rfrnnol 

~lyl chloride ,e.3 . Jl IT 7 **" " * S<,1 ""<» <* 
<«•« 9, <5.2 M , ln ^ yatous THp 

- — » « ,00. t ^„ tuc r „r »t ™ 

water Th. Pressure and the residue dissolved in 

water. The aqueous solution was acidified to p H 8 an. ►» 
~ g white precipitate was collected ^ f t a ion 
washed with water ( 2 x 100 ^ t0 af ! ! , 

as an off-white solid (10 6 g 83% " ^ ^ Pr ° dUCt 

»•» 1 h,. 7 , 6 ( (s ; 6 1 :;, 8% 7 CDCl5)5 

3.85 (s, 3H). K 3,91 <S ' 3H >' 
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1'. S'-BieCa-carbo^^^-dlmetho^-S-aitrophenoxyjpropane (85) 

Diethylazidodicarboxylate (7.19 g, 41.3 mmol) was added 
dropwise over 0.5 hours to a cooled, stirred solution of the 
phenol 84 (10.61 g, 41.3 mmol) and TPP (16.24 g, 61.9 mmol) in 
anhydrous THF (100 mL) , and allowed to stir for 1 h. A 
solution of 1,3-propanediol (1.57g, 20.6 mmol) in THF (30 mL) 
was added dropwise and the reaction mixture allowed to stir 
for 16 h. The reaction mixture was then treated with IN 
aqueous NaOH (200 mL) and heated at reflux for 3 h. Excess 
solvent was removed by rotary evaporation under reduced 
pressure to afford an aqueous suspension which was extracted 
with EtOAc (3 x 300 mL) . The aqueous extract was acidified 
with concentrated HC1 and the precipitate collected by vacuum 
filtration. The precipitate was suspended in water (500 mL) 
and after stirring for 10 minutes, the suspension was filtered 
to afford the product as an orange solid (6.11 g, 60%) . H 1 NMR 
(270 MHz , CDC1,) 5 7.32 (s, 2H) , 4.36 (t, 4H, ) , 3.92 (s, 6H) , 
3.90 (s, 6H), 2.20 (t, 2H). 



<2S) -1, 1 ' - [ [ (propane-1, 3-diyl) dioxy] bis t2-nitro-3 , 5-dimethoxy- 
l,4-phenylene)carbonyl] ]bis[2-(hydroxymett»ylpyrrolidine] (86) 

A catalytic amount of DMF (3 drops) was added to a solution of 
the acid 85 (6.1g, 12.4 mmol) and oxalyl chloride (2.37 mL, 
3.45 g, 27.2 mmol) in anhydrous DCM (60 mL) and the reaction 
mixture allowed to stir at room temperature for 16 h. The 
resulting acid chloride was added dropwise over 0.5 hours to a 
stirred solution of TEA (6.26 g, 61.8 mmol) and 
pyrrolidinemethanol (2.75 g, 27.2 mmol) in anhydrous DCM (60 
mL) at -10°C. The reaction mixture was then allowed to stir 
at room temperature for 6 h. The reaction mixture was washed 
with IN HC1 (3 x 100 mL) . water (3 x 100 mL) , saturated NaHC0 3 
(3 x 100 mL), brine (3 x 100 mL) and dried over MgS0 4 . 
Removal of excess solvent by rotary evaporation under reduced 
pressure afforded the product as a yellow glass (8.25 g', 11.9 
mmol). H l NMR (270 MHz, CDC1,) 8 6.66 (s, 2H) , 4.32-4.26 (m, 
6H), 3.98 (s, 6H), 3.90 (s, 6H) , 3.86-3.67 (m, 4H) , 3.41-3.27 
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*")• 2.23-2. 12 (m , 2H) , 2 . u . 172 (m< 
-X. l - 1 1 (Prppane-l, 3 -di yl)dlojgr]bia ^.^ 
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„:;r< t «7?r- 
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1, 1 ' - [ [Propane-1, 3-diyl) diojqrjbis [ (lis, n a5) . 10 . (2 , # 2 , / 2 , . 
trichloroetho*ycarbonyl ) -11 -hydroxy- 7 , 9-dimethoxy- 

1, 2, 3, 10, 11, Ha-hexahydro-5H-pyrrolo [2 , 1-c] tl,4]benzodiazepin- 
5-one. (89) 

A solution of dry DMSO (14.9 rmol, l.Ug, 1>06 mL) in dry DCM 
(5 mL) was added dropwise over 20 minutes to a stirred 
solution of oxalyl chloride in DCM (7.38 mmol, 3.69 mL of a 
2N solution in DCM) under a nitrogen atmosphere at -45°C 
After stirring for an additional 15 minutes, a solution of 88 
(2.58 g, 2.63 mmol) in dry DCM (5m L) was added dropwise over 
45 minutes at -45°C and stirred for 45 minutes at -45°C. TEA 
(2.12 g, 21.0. mmol) was added dropwise over 30 minutes and 
stirred for a further 15 minutes. The reaction mixture was 
allowed to warm to room temperature, and diluted with water 
(100 mL). The organic layer was washed with IN HC1 (3 x 100 
mL) , water (3 x 100 mL) , brine (3 x 100 mL) and dried over 
anhydrous MgS0 4 . Filtration and evaporation of the solvent in 
vacuo afforded the product as a yellow glass (0.73 g) H 1 NMR 
(270 MHz, CDCI3) 5 7.06 (s, 2H) , 5.61 (dd, 2H, J = 3.39, 9.9 
Hz), 4.74 (d, 2H, J = 11.72 Hz), 4.62 (d, 2H, J = n. 91 H z) , 
4.29-4.21 (m, 6H) , 3.97-3.46 (m, 16H) , 2.28-2.01 (m, 10H) . 

Preparation of 10% Cd/Pb couple 

Yellow lead oxide (litharge, 1.8 g, 4.9 mmol) was dissolved in 
warm 50% aq. AcOH (50 mL) and the solution was slowly added to 
a vigorously stirred suspension of Cd dust (Aldrich, 100 mesh, 
5.46 g, 49 mmol) in deionised water (100 mL) . The Cd darkened 
as Pb deposited on its surface, and formed clumps that were 
gently broken up with a glass rod. The dark non-pyrophoric 
Cd/Pb couple was filtered, washed with water, acetone, crushed 
and dried prior to storage and use. 



1, 1'- t [Propane-1, 3-dlyl)dioxy]bis [ (llaS) -7, 9-dimethoxy- 

1, 2, 3, lla-tetrahydro-5H-pyrrolo[2, 1-c] [1, 4]benzodiazepin-5- 
one. (90) 

Cadmium/lead couple (3.8 mmol Cd, 0.47 g of Cd\Pb couple) w; 
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added to a vi g orous ly stirred solution 

« - MP (10 ^ and 1N f "JO. 76 g o. 8 

continued for 2 5 h Th» stirring 

the solv„ t io „„„„ , £to Lj- J"""' 0 " •»»«.««. of 

Cff/ca-K/s CMUnotai^, , , 08 7 s ' CDC1 -> of 

«.). 4.38-3.5. ,». 22H ,, 2 „. J 9 mK 4 " 
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N- ( 2 - Amino- 3 -Methoxybenzoyl ) pyrrol idin- 2 -methanol (93) 

Hydrazine hydrate (4.37 g, 136.4 mmol) was added dropwise to a 
solution of 92 (6.37 g, 22.7 mmol) in gently refluxing 
methanol (100 mL) over Raney nickel (2.4 g, slurry). The 
resulting vigorous evolution of hydrogen gas subsided after 
approximately 10 minutes and the reaction was deemed to be 
complete by TLC after 2 h. The reaction mixture was filtered 
through celite and the solvent evaporated. Distilled water 
(100 mL) was added to the residue, and the aqueous mixture was 
extracted with EtOAc (3 x 100 mL) and washed with H,0 (3 x 100 
mL) and brine (3 x 100 mL) and dried over anhydrous MgS0 4 . 
Evaporation of the solvent afforded a brown glass (5.49 g, 
21.8 mmol) as a single spot by TLC. 



S- (3-Methoxy-2- ( (2 ' , 2 ' , 2 '- 

trichloroethoxy) carbonylaminobenzoyl ) pyrrolidin-2 -methanol 



(94) 



A solution of 2,2,2-trichloroethyl chlorof ormate (4.61 g, 21.8 
mmol) in distilled dichloromethane (50 mL) was added dropwise 
over 0.5 hours to a stirred solution of the substrate, 93 
(5.46 g, 21.8 mmol) and anhydrous pyridine (3.44 g, 43.5 mmol) 
in distilled dichloromethane (100 mL) at 0°C. The reaction 
mixture was allowed to stir for 2.5 hours at which time TLC 
showed reaction to be complete. The reaction mixture was 
diluted with anhydrous DCM (100 mL) and washed with IN HC1 (2 
x 200 mL) , H,0 (200 mL) , brine (200 mL) and dried over 
anhydrous MgS0 4 . Evaporation of the solvent afforded a brown 
oil which was purified by flash column chromatography eluting 
with EtOAc to afford the product as a yellow solid (6.14 g, 
14.4 mmol); l H NMR (270 MHz, CDC1,) 6 1.75-2.25 (m, 4H) , 3.4- 
3.75 (m, 2H), 3.8 (s, 3H) , 3.85-4.2 (m, 2H) , 4.40 (m, 1H) , 
4.73-4.86 (m, 2H) , 6.86-6.97 (m, 2H) , 7.85 (br d, 1H, J = 
9Hz); "C NMR (67.8 MHz, CDC1,) 5 169.9, 155.6, 152.4, 128.2, 
127.8, 123.6, 116.0, 113.0, 95.4, 74.4, 65.9, 60.9, 55.7, 
51.0, 28.3, 24.9. 
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solvent by rotary evaporation under reduced pressure afforded 
the product as a yellow solid (0.84 g, 3.6 mmol, 90%) 

Example 3(c) : Synthft B 1 B of th« r-7- M etho™ PB n p m, 
AG/ 140) (see Figure 17) 




0 

3-methoxy-2- (2 • , 2 • , 2 • -trichloroethoxycarbonylamino) benzoic 
acid (98) 

2-amino-3-methoxybenzoic acid 97 (1 g, 6 .0 mmol) and pyridine 
(0.97 mL, 12.0 mmol) were dissolved in dry dichloromethane (30 
mL). The resulting mixture was cooled and Troc-Cl (0.9 mL, 
6.6 mmol) was added drop wise. The reaction mixture was 
allowed to stir overnight at room temperature, then washed 
with HC1 (IN, 50 mL) , water (50 mL) and brine (50 mL) . The 
organic phase was dried over MgS0 4 and evaporated to yield 
1-42 g of crude product, which was used in the next step 
without further purification. 



N- (3-methoxy-2- (2 ' ,2 ' ,2 '- 

trichloroethoxycarbonylBmino) benzoyl ) -pyrrolidine-2-methanol 
(99) 

Oxalyl chloride (0.57 mL, 6.58 mmol) together with 2 drops of 
dry DMF was added to a solution of the crude product obtained 
from the previous reaction in dry dichloromethane (20 mL) . 
After initial strong effervescence, the mixture was allowed to 
stir at room temperature overnight. The resulting acid 
chloride was added drop wise, over 30 minutes to a solution 
of 2S-(+)-pyrrolidinemethanol (0.66 g, 6.58 mmol) and TEA (2.1 
mL, 14.95 mmol) in dry dichloromethane (20 mL) at -16°C. Once 
coupling was complete the reaction mixture was diluted with 
ethyl acetate (20 mL) , and washed with IN HC1 (2 x 25 mL) , 
satd. aqueous NaHC0 3 (2 x 25 mL) , water (25 mL) and brine (25 



15 



20 



25 
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mL) . The organic layer was then dri^ 

Purified by £lash ota-to™*. , """^ ™ S 

«UU. 50/50, to a«o„ o T oT ethe,:/ " hyl 
' ("0 MHz, COM,) d 1 6 - , » , , "* yell °" ° Ui '» "»» 

-»•» <- ih, 3 . 4 ;! 1H ; 2 0 "■■ 2 »»^ 

(dd ' J = 5 ^ = i 2 .3H Z , lH);47 d a 12 4H>;4 - 22 

ih, ;4 .8« (m , 1H); 6 2 9 ;vl r 1H,;4 - 79 

7 ' 2 (dd< J = 7.5, J = 8,4 jj 2 1H) . ? 6 ' b lH ; 6 - 94 < S < 1H, ; 
C D C1 3 , 5 24 . 6; 28 8; 5 J" 36 b *< "C NMR (67. 8 

"18. 1109, 1079 , 1049 , 809 , 75g i." 83 ' 15 "' 1429 ' 12 *°< 
«5 10,, 394 (20) , 323 (30," 276 : 35 VT tiVe int6nSity) 

- (45,. u . ,„,. 10 ( 6 0 7 3 7 vr > ' 176 

Calculated for W C l3NA:424 0 57 * I 1 ^ ' ^ 

(c- 0.63, CBCl,,. 424 -° 359 - - 

A solution of DMSO (0.46 ml fi « 

(11.65 bl) at - 40 °c Th. • ^ ^chloromethane 

-lowin, the end of addition ^ « over , hour . 

: c :r° c for 60 mi — *- * solution 0 rL 3 e i iv tir 

d.chloron.ethane (6 was added JTth " 

flowed to w ar » to roo, texture. T re ct 0 ~ 
washed with water ( 50 ^ , 1N ^ * " Ctl °* was 

NaHCO l(2 x 25 and ^ 2 satd. aqu eous 

dried over MgS 0 4 and evaporated ^ c T S ° 1Uti ° n - 

* -as, cnro^rapn/,^ £ ^ 

to sive . colourless oil ( 0 . 64 B 3 " ^ ^ ^ 

5 2 -01 - 2.15 ta< 4H); 3 43 3 9 : 8 6 % "» (2?0 ««. CDC1,, 

3 3 - 58 (m ' 2H >' 3.73 2H); 3 . 83 
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<s, 3H); 4.35 (d, J = 12, 1H) ; 4.98 <d, J = 1 2 , 1H) ; 5.66 <dd, 
J =3.8, J = 9.6 Hz, 1H); 7.02 (dd, J = 2.2, J = 7.5 Hz, 1H) ; 
7.35 (m, 2H). "C NMR (67.8 MHz, CDC1 3 ) 5 23.0; 28.6; 46.2; 
56.1; 59.9; 75.3; 86.2; 94.8; 113.4; 120.2; 123.1; 129.4? 
5 134.9; 154.7? 155.4; 166.7. IR (Nujol) : cm' 1 3291, 2924, 1724, 
1616, 1580, 1463, 1318, 1278, 1075, 945, 812, 739. MS: m/e 
(relative intensity) 422 (M-l, 40), 387 (3), 275 (10), 245 
(15), 217 (10), 176 (100), 150 (8), 120 (6), 70 (95). HRMS 
Calculated for C^HJC^O,: 422.0202. Found: 422.0203. (a] 2S = + 
10 136.5° (c = 0.19, CHC1,). ° 

(llaS) -9-methoxy-l, 2, 3, Ua-tetrahydro-5H-pyrrolo [2,1- 
c] [l,4]benzodiazepin-5-one (101) 

Finely ground Cd/Pb couple (1.02 g) . was added in small 
portions to a stirred solution of 100 (0.64 g, 1,51 mmol) in 

15 THF (10 mL) and 1M NH 4 0Ac (10 mL) . The reaction was followed 
by TLC (EtOAc) , when no more starting material was observed, 
the mixture was poured into ethyl acetate (200 mL) . The 
organic phase was dried over MgS0 4 and evaporated to yield the 
product as a pale yellow oil (0. 28 g, 80%): l H NMR (270MHz, 

20 CDC1,) 5 2.15 (m, 4H) ? 3.52 (m, 2H) ; 3.87 (s, 3H) ; 5.15. (m, 
1H); 6.8 - 7.2 (m, 3H) ; 7.8 (d, J= 4.7 Hz, 1H, imine Hll) . 
IR (Nujol): cm* 1 3373, 2975, 1621, 1576, 1440, 1419, 1250, 
1075, 750. MS: m/e (relative intensity) 230 (M + -, 100), 215 
(45), 201 (20), 187 (5), 160 (5), 146 (4), 133 (20), 105 (10), 

25 76 (25), 70 (45), 63 (3), 51 (3). HRMS Calculated for 

C 13 H 14 N 2 0 2 : 230.1055. Found: 230.1055. [a]" = + 455.30 ( c = 
0.6, CHCI3). 
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MeO 



MeO 




acid U0 3, ^roet^car^,^ 

^solution f Troc . cl (o>76 5 

dxchloromethane ,10 mL, was added dropwise to 2 • 
din.ethoxyben.oic acid 102 (1 g 5 J**" T 2 - amin0 - 4 ' 5 " 
-1- 10.! «, in ^ d . h 9 ' 5 - lnm0l) «* (0.82 
r«.^- drchloromethane (20 ml) at 0°c T h* 

reaction mixture was allowed to stir overnight at 
temperature and then washed with dilute H l lN T a , 
water (2 x 25 ml) ^ brine (lN ' ^ x 2 5 ml,, 

dried over Mg S0 „ and ' Phase was 

ver wgt>o 4 and evaporated t-o m^i^ ^ 

... -i* - «. ta «. « s ::;r o ,ie 

purification. '-urcner 



N- (4, 5-dimethoxy-2 ' - (2", 2" 2"- 

<»"lyl chloride (0.38 mL, 4.33 _i, „„ ,„„,, , k 
minutes, to a solution of 9c . 

4 33 mnll „ " ° f 2S - (+) -P^olidinemethanol (0.44 g 

4.33 mmol) and TEA (1.37 ml 9 ■ * , 

(15 mL, at -i«. c L ' ° f dich ^ethane 

acetat 20 ^ , r6aCtl0n ""^ ™ " ith "** 

cetate (20 mL) , and washed with dilute HC1 (i N 2 x 30 M 

satd. agueous NaHC0 3 (2 x 30 mL, , water (30 i>' A 

*). The organic layer was then 1 , ^ <3 ° 

<*yer was then dried over MgSO. and 

— ,o , yello „ oll . ^..^ pro ^ t ^ s 
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purified by flash chromatography (petroleum ether/ethyl 
acetate = 50/50) to yield the product (1.2 g, 70%) as a pale 
yellow oil: *H NMR (270 MHz, CDCI3 ) 5 1.75 (m, 2H) ; 1.92 (m, 
1H); 2.17 (m, 1H); 3.53 (m, 2H) ; 3.72 (m, 1H) ; 3.86 (s, 3H) ; 
3.93 (S, 3H); 4.19 (m # 1H) ; 4.43 (m, 1H) ; 4.77 <d, J = 12 Hz, 
1H); 4.85 (d, J = 12 Hz, 1H) ; 6.85 (s, 1H) ; 7.69 (s, 1H) ; 9.08 
(DS, 1H). 13 C NMR (67.8 MHz, CDCI3) 5 25.1; 28.2; 51.4; 56.0; 
56.4; 60.8; 65.9; 74.4; 95.3; 104.7; 110.7; 116.3; .130. 81 
144.4; 151.0; 152.1; 170.4. MS: ra/e (relative intensity) 454 
(M-l, 5), 356 (3), 306 (10), 275 (5), 206 (100), 179 (15), 150 
(10), 136 (3), 70 (45). HRMS Calculated for C 17 H2iC 13 N20 6 : 
454.0465. Found: 454 . 0464 . [a] - 72.2° (c = 0.18, CHCI3) . 



(11S, llaS) - 7, 8-dimethoxy- 11 -hydroxy- 10 -N- (2 ' , 2 • ,2 ■ - 
trichloroethoxycarbonyl) -1, 2, 3, 10, 11, lla-hexahydro-5H-pyrrolo 
15 [2,1-c] [1,4] benzodiazepin-5-one (105) 

A solution of DMSO (0.9 ml, 12.9 mmol) in dry dichlorome thane 
(15 mL) was added dropwise over 30 minutes to a solution of 
oxalyl chloride (6.4 mmol) of dry dichloromethane (15 mL) 
keeping the temperature below -40°C. The reaction mixture was 

20 allowed to stir for further a 30 minutes at which point a 

solution of 104 (2.1 g, 4,61 mmol) in dichloromethane (35 mL) 
was added drop wise over 1 hour. After addition of the 
substrate the reaction mixture was allowed to stir at -45°C 
for 60 minutes, and then treated with a solution of TEA (2.56 

25 mL) in of dichloromethane (10 mL) were added drop wise and the 
mixture was allowed to warm to room temperature. The reaction 
mixture was washed with water (75 mL) , dilute HC1 (IN, 75 mL) , 
water (75 mL) , brine (75 mL) dried over MgSC>4 and evaporated. 
The crude product was purified by flash chromatography 

30 (EtOAc /petroleum ether 40/60) to give a colourless oil (1.19 

g, 57%); 1h NMR (270 MHz, CDCI3 ) 5 2.04 (m, 2H) ; 2.11 (m, 2H) ; 
3.47 - 3.59 (m, 2H) ; 3.68 - 3.75 (m, 1H) ; 3.91 (s, 3H) ; 3.94 
(s, 3H); 4.21 (d, J = 12.1 Hz, 1H) ; 4.43 (d, J = 4.76 Hz, 1H) ; 
5.27 (d, J = 12.1 Hz, 1H); 5.65 - 5.7 (dd, J = 4.58, J = 9.71 

35 Hz, 1H); 6.82 (s, 1H) ; 7.26 (s, 1H) . 13 C NMR (67.8 MHz, 

CDCI3) 5 23.1; 28.6; 46.4; 56.0; 56.1; 60.0; 74.9; 86.4; 95.1; 
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»0-3; 112.7; U5 .„ 148 . Si 15 „ 8 . 

<~l«ivs i»t«.lt y , 452 -°- « s - ■/• 

»» «».). » a.,. « a : ;, 35 ^^ « 

Finely ground Cd/Pb couple (3.12 g) was add*d 

a solution of X05 ,1 g , 2 . 2 — to 

10 -L>. Tne reaction was followed ^ <1M ' 

starting material wa S p resent the ' ^ ' W ° 

ethyl acetate (400 .. T^ T ^ ^ ^ 
Masn » * organic phase was dried over 

«9S0 4 and evaporated to yield the crude 

P-ified ny fl ash chromatography ( Et 0 Ac) to " e o he 
compound as a pale yellow oil ( 0 . 45 g 78%) Z\ * m 

~,>.2.0. 2H);2 . 29 (m , 2H ;; % 3 3 (270 MHz, 

3. 79 - 3 . 85 (m , 1H); 3 . 93 s h,. ' ' ^ 

«»7.S2 <S, 1H>;7. 68 (d , ( H) 3 - 9 3 S J H,;6 - 82 

«H 2 , CD C1 3 , 5 24 . 2; 29 . 6; 46 ? . 53 ^ 6 ^ " C »« (".8 

H1.2; 140.7; 147.5; 151 3 • 2 ' ' 109 - 4? 

so II; tlve 1 " tenaiti " 260 «*■ »«). «= 

' " 181 ' 70 <">• « Calculated tot c,.H„nn 

"..lie.. 260 . 116 , w . . 4 lm J>* f„ 

CHC1 3 ) * " ' 
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Example 3(e) : SynthesiB of the g.7 r « . teiaathMty PTm p,^ 
DRH-NA7) (see Figure 19) 



MeO. 



MeO' 




2,3,4-Trimethoxy-6-nitrobenzoic acid (108) 

2,3,4-trimethoxybenzoic acid 107 (25 g, 117.8 mmol) was added 
portionwise to a stirred solution of 70% nitric acid at 0°C 
for 30 minutes. The reaction mixture was poured into cold 
water (1250 raL) and stirring was continued for 30 minutes. 
The reaction mixture was extracted with EtOAc (2 x 200 mL) and 
the combined organic layers were washed with brine (2 x 200 
mL) and dried over anhydrous MgS04. Evaporation of excess 
solvent in vacuo afforded the product as a pure white 
crystalline solid (18.67 g, 60%): R f = 0.5 (silica, EtOAc); IR 
(nujol) 2922, 1713, 1618, 1570, 1504, 1464, 1401, 1308, 1246, 
1168, 1111, 1028, 920, 852, 789, 773, 728, 689 cirri; 1 H NMR ' 
(270 MHz, CDC1 3 ) 5 7.76 (1H, s) , 4.0 <3H, s) , 3.95 (3H, s) , 
3.90 (3H, s); *3 C ^ (67>8 mZf CDCl3) g 166>0/ 153>2/ 150 #1# 
147.79, 139.6, 120.8, 103.6, 62.2, 61.1, 56.5; MS (EI) m/z 
258 (M+l), 240, 214. 

N- ( 2 -Nitro-4 , 5 , 6 -trimethoxybenzoyl ) pyrrolidine -2 -methanol 
(109) 

A catalytic quantity of DMF (2 drops) was added to a stirred 
solution of 108 (10 g, 38.9 mmol) and oxalyl chloride (5.87 g, 
46.2 mmol) in dry CHC1 2 (100 mL) under a nitrogen atmosphere. 
The reaction mixture was allowed to stir overnight, and the 
product was used directly in the next stage of the reaction. 
The newly formed acid chloride was added dropwise to a stirred 
solution of pyrrolidinemethanol (3.92 g, 38.8 mmol) and 
anhydrous triethylamine (12.4 mL, 9.8 g, 97.0 mmol) in 
anhydrous DCM (50 mL) at 0°C under nitrogen. Once the 
addition was complete, the reaction mixture was left to warm 
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to room temperature and left to stir overnight. The reacti 
^xture was washed with lN „ (100 ^ ( ~ 

brrne « 2 x 100 ^ . The Mned ^ lay JJ^ ^ 

, + 135 (c = 0.1, DCM) ; ir (neat) 3400 

COCl 3 ) 5 7.59 (1H, .,. 4.46 (2 H , d, J=2 . 93 Hz) # 40? 

(3H, s) ,4. 01 <3H,s,,3.89 CSHf t) , 3 S- 3 2 7 " H 

< 2H , m) ,,oo-, 8 4 < 2H , m);13cNMR( ; 2 



K-(2- Aai i n o-4,5,6- triffl etho^ b enz oyl)pyrrolidlne (u 

Hydrazine hydrate (5.67 g, 177 . 2 mol) was 

solu tion of 1H cu.! g , 35 . 47 ^ ^ ^ * 

methanol (1 « over ^ nickel (3<4j . g ^ ' 

resulting vigorous evolution of hydrogen gas subsided after 
approximately 10 minutes and the res.H™, 

11110 cne reaction was deemed to be 
^lete by TLC after 3 h. The reaction mixture was filtered 

Z71 T* ^ SOlV6nt 6VaP0rated - Di3ti11 - -ter 

1 a" d^^ T " reSidU6 ' ^ ^ ^ - 
extracted wrth DCM ( 2 x 100 mL) ^ the C0lnbined 

washed with H,0 (3 x 100 mX, and brine (3 x 100 mx,, and drted 
over anhvdrous MgSO,. Evaporation of the solvent afforded U0 
(11.2 g as a yellow oil. Rf = 0 .14 (silica , Et0Ac) ; ai ., 
D = + 100o (c = o.l, DCM) • IR (neat) cnrl 3355 J 

1123, 1078, 1039, 997, 915 817 73, 1 
CDC3 , scin , ' 31 ' 646; (270 MHz, 

5 6 - 10 (1H ' S >< 4 - 3 ' <2H, d, a = 3.67 Hz) 3 93 (3H 
3.88 <3H. s>, 3.86 ,3H. s) , 3.67 (2H , t) . 2 !l7- 2 ^02 ( 2 H 
^1-87-1.82 ,2H, m, 13 C NMR (67.8 MHz, C DC l 3 >ol68 8 
1- 150, 149.6, 140.6, 133.8, 95.8. S,S, 61.8, £ 4 . 
61-3, 61.1, 49.2, 28 . 6 . 24 . 4;MS (EI) m/z 31fl (M+) ^ ^ 
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229, 210, 194, 180, 149, 124, 102, 83, 70, 57. 
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(2-[2',2 / / 2 / -Trichloroethoxycarbonylamino] -4,5,6- 
trimethoxybenzoyl ) pyrrolidine- 2 -methanol ( 111) 

A stirred solution of 110 (11.24 g, 36.3 mmol) in DCM (150 mL) 
5 and pyridine (5.86 mL, 5.73 g, 72.5mmol) was treated dropwise 
with 2,2,2-trichloroethyl chloroformate (5 mL, 7.61 g, 35.9 
mmol) in DCM (50 mL) under a nitrogen atmosphere at 0°C. One 
hour after the addition of 2,2,2-trichloroethyl chloroformate, 
the reaction mixture was diluted with DCM (100 mL) and washed 

10 with IN HC1 (100 mL), water (2 x 150 mL) , brine (2 x 100 mL) 
and dried (MgS0 4 ) . The solvent was removed in vacuo to afford 
111 (15.44 g, 88%) as a clear brown oil: R f = 0.44 (silica, 
EtOAc) ; IR (neat) cm"! 3437, 2948, 1738, 1628, 1497, 1458, 
1422, 1397, 1238, 1115, 1027, 1008, 823, 760, 624; 1h NMR (270 

15 MHz, DMSO) 5 6.82 (1H, s) , 5.06 (2H, s), 4.04 (2H, d, J = 6.83 
Hz), 3.85 (3H, s), 3.84 (3H, s) , 3.79 (3H, s) , 3.67 (2H, t) , 
2.00-1.97 (2H, m), 1.96-1.88 (2H, m) 13 C NMR (67.8 MHz, DMSO) 
5 164.2, 153.5, 149.6, 139.6, 129.4, 121.3, 96.2, 73.9, 61.4, 
60.9, 58.7, 56.2, 47.9, 27.5, 23.7; HRMS (FAB) calcd for 

20 Ci 8 H23N 2 0 7 Cl3 (M + ') 484.0571, found 484.0944. 



6,7, 8-Trimethoxy-10- (2 ' , 2 ' , 2 ' -trichloroethoxycarbonyl ) - 

1,2,3,10, ll / lla-hexahydro-5H-pyrrolo[2 / l-c] [l,4]benzodiazepin- 
5-oae (112) 

A solution of oxalyl chloride in DCM (22.3 mL of a 2N 
solution, 44.7 mmol) diluted with anhydrous DCM (42 mL) at - 
45 °C was treated dropwise with a solution of anhydrous DMSO 
(6.39 mL, 90.2 mmol) in anhydrous DCM (16.24 mL) over a period 
of 15 minutes. The reaction mixture was stirred at -45°c for 
15 minutes and treated with a solution of 111 (15.44 g, 31.7 
mmol) in dry DCM (34.3 mL) and stirred at -45°C for 45 
minutes. Triethylamine (17.7 mL, 127.1 mmol) was added 
dropwise to the reaction mixture over 0.5 h, and then allowed 
to stir for a further 15 minutes. The reaction mixture was 
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:;::::r,:r;r s rr - uh - - ci *°° 

chromatography (EtOAc) to afford the product U2 , 8 27 < 
as a X ow glass; Rf = o ^ (siuc:: -J -2 ^ 

6 3 624; % » ( 270 MHz, CDC1 3 ) 5 6. 64 (lH , „ , 5 g 1H 
S), 5.31 (1H ( S)( 4.34 (1H, d, J = 19 78 ' . ' A " ^ 

- 3.- «. (3 , s) .3, 0 ;- 2 °r 

3-55 (1H, t>, 2.X7-2.14 (2H, . 2 . 14 -2.10 (2H ll 
(6? ' 8 » «3.4,. 154.32, 1S2.3 , « J ' 12 ^ 

r 56 16 - :° 9 - 35 ' 95 - 20, 85 - 63 ' 62 - 3 °- «■» 

5.56, 28.44, 22 .85; MS „, 485 („ +1) , 467 g ^ ' 

350 ' 291 ' 254 - »«. «*. 131, 102 , 82 ; 70 6 ;' 57 398 ' 384 ' 

c][l,4]bea 2 odla 2 epin-5-one {!«) 1 ^ 

10% Cd/Pb couple (2 57 a on <: 

PJ-e ^.57 g, 20 . 6 nunol Cd) was added to a stir™* 
solution of 112 12 DO o a i , . stirred 
mw k 9 ' " ,m0l) in TO < 20 and IN 

-40AC buffer (20 an d le ft at room te^erature for^ h 

:Li:r w r ;rr d r EtoAc (2o ° - - ' 
r r (2 . j 

re»oved i„ v^o to aive 113 ,0.76 a («, „ „ 

•/ ■ .«..„. Et0ic „ " • 

t. rz. ;;:•;.-„• vrr;,-.:; 

Cl 5 H 18 N 2 0 4 ( M+ l) 29 0.1 26 6, found 290 .1 2 08. 
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Example 3(f) ; Synthesis of the 7 . B.^ r ^ thoxv PBn p , ft< ■ 
DRH-69) (see Figure 20) 




10 



3,4,5-Trimethoxy-2-nitrobenzoic acid (115) 

Methyl 3,4,5-trimethoxy-2-nitrobenzoic 114 (24.37 g, 89.9 
mrool) was added to a 5% solution of KOH (18 g) in MeOH (357 
mL) . The mixture was heated at reflux for 50 minutes. 
Evaporation of the solvent afforded a grey residue, which was 
dissolved in H 2 0 (200 mL) The resulting alkaline solution was 
acidified to pHl with concentrated HC1, and extracted with 
CHC1 3 (3 x 100 mL) . The organic layer was washed with H 2 0 (3 x 
100 mL), brine (3 x 100 mL) and dried over anhydrous MgS0 4 . 
Filtration and evaporation of the solvent afforded a pure 
white crystalline solid (20.67 g, 80.4 mmol) : 1h NMR (270 MHz, 
CDCI3) 5 3.9 (s, 3H), 4.0 (s, 3H), 4.1 (s, 3H) , 7.4 (s, 1H) , 
15 12.4 (br s, 1H). 

N- (2-Nitro-3,4, 5 -triinethoxybenzoyl) pyrrolidine- 2 -methanol 
(116) 

A catalytic amount of DMF (2 drops) was added to a stirred 
solution of 115 (2.57 g, 10 mmol) and oxalyl chloride (1.40 g, 
11 mmol) in dry CH 2 C1 2 (40 mL) under an inert atmosphere. The 
reaction mixture was allowed to stir overnight, the resulting 
solution of the acid chloride, (2.76 g, 10 mmol) in anhydrous 
CH 2 C1 2 (40 mL) was added dropwise over 1 hour to a vigorously 
stirred solution of pyrrolidinemethanol (1.11 g, 11 mmol) and 
25 TEA (2.52 g, 25 mmol) in anhydrous CH 2 Cl 2 (40 mL) under a 

nitrogen atmosphere at 0°C and allowed to stir overnight at 
room temperature. The reaction mixture was washed with IN HCl 
(1 x 50 mL), IN NaOH (1 x 50 mL) , H 2 0 (3 x 50 mL) and brine (3 



20 



WO 00/12508 

PCT/GB99/02838 

150 

... .... » CMK ,„., ^ / ^ ■-«•<»■ w. 

"3.5. m... 1,4... «... 61 ' 158 - 5 ' "'•»• 

2»-l. 24.5, 14.2. 6 ' 50 ' 2 ' 28 - 4 ' 

->««- - a. „.» a, «, l* • a ir e *• 

(100 mL) was added to the residue 

e residue, and the aqueous mixture 
-— -««. «*= (3 „ 1„. „ M ^ CMbin>a ^ ~ 

Lt: r T tt " ,o 13 x 100 * Ma <> » »» « 

"7 " ,,W,r0US " 3S °- «-»»«o» of th. solvent 
arrorded the product (? ir « c c 

c ; « . 3.. c. 3 H) .3,-3, (2xs , 6H) ,, 4 (b ;; ( 2 ; - 7 

56.8, 50.9, 28.6, 24.9, 21.1, 14.2. 

N-2- (Trichloroethoxycarbonylamino) -3,4,5- 
trimethowbeazoyl )pyrrolidine-2-,nethlnol ( lis ) 

A solution of 2,2,2- tr i chloroethylchlorofomate ^ 

I hTT diChl — - — a ropwise 

over 0.5 hours to a solution of anhydrous Pyridine (0 „ 
U. 8«1, ana the substrate, H 7 (1 . 82 g< 5 . g M) ^ ' 
dxstxlled dichloromethane (60 at 0<>c. After x 5 h 
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reaction mixture was diluted with anhydrous DCM (100 mL) and 
washed with IN HC1 (2 x 100 mL) , H 2 0 (100 mL) , brine (100 mL) 
and dried over anhydrous MgS0 4 . Evaporation of the solvent 
yielded a brown oil which was purified by flash column 
5 chromatography eluting with 1% MeOH/ 99% CHCI3 to afford the 
product as a yellow oil (1.83 g, 3.8 mmol) : X H NMR (270 MHz, 
CDCI3) 5 1.6-1.9 (m, 3H), 2.1-2.2 (m, 1H) , 3.3-3.6 <m, 2H) , 
3.6-3.85 (ra, 2H) , 3.8-3.9 (m, 9H) , 4.2-4.3 (in, 1H) , 4.7-4.8 
(br s, 1H), 4.8 (s, 2H), 6.6 (s, 1H) ; 13 C NMR (67.8 MH Z/ 
10 CDCI3) 5 169.9, 153.2, 151.9, 143.1, 128.5, 120.1, 105.2, 

95.3, 74.6, 66.3, 61.2, 61.2, 61.0, 56.3, 50.6, 28.7, 24.6. 

(IIS, llaS) 7 , 8 , 9 - 1 r ime thoxy- 1 1 -hydroxy - 1 0 -N- (2 1 , 2 ' , 2 ' - 
trichloroethoxycarbonyl ) -1, 2 , 3 , 10, 11, lla-hexahydro-5H- 
pyrrolo[2,l-c3 [1,4] benzodiazepixi-5-one (119) 

15 Anhydrous DMSO (3.15 mL, 44.3 mmol) in dry DCM (8.2 mL) was 

added dropwise over 20 minutes to a stirred solution of oxalyl 
chloride (2.79 g, 11.0 mL of a 2N solution in DCM; 22.0 mmol) 
in dry DCM (20.6 mL) under an inert atmosphere at -45°C 
(varied between -38° and -48°C) . After stirring for 15 

20 minutes, the substrate (7.59 g ; 15.6 mmol) in dry DCM (17 mL) 
was added dropwise over 45 minutes to the reaction mixture, 
which was then stirred for a further 45 minutes at -45 °C after 
the final addition of the substrate. Dry TEA (4.84 g, 48.0 
mmol, 4 eq) was added dropwise to the mixture over 0.5 hours 

25 and stirred for a further 15 minutes. The reaction mixture 
was allowed to warm to room temperature and the reaction 
mixture diluted with H2O (80 mL) . The organic phase was 
separated, washed with brine (2 x 100 mL) and dried over 
anhydrous MgS04. The solvent was evaporated to afford the 

30 product as an off-white solid (4.39 g, 9.1 mmol): 1h NMR (270 
MHz, CDCI3) 5 1.95-2.2 (m, 4H) , 3.4-3.8 (m, 2H) , 3.8-3.9 (m, 
9H), 4.05 (d, 1H), 4.5-4.8 (dd, 2H) , 5.6-5.7 (q, 1H) , 7.1 (s, 
1H); 13c NMR (CDCI3) rotamers 5 166.7, 166.5, 155.2, 153.5, 
153.3, 150.0, 144.5, 129.5, 129.0, 121.7, 106.4, 106.2, 94.6, 

35 86.1, 85.9, 75.7 75.2, 61.5, 61.3, 60.9, 60.1 59.8, 56.2, 
56.1, 46.5, 46.3, 28.7, 28.6, 23.0. 
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7 / 8 /9 -Tr i « l etho^.l /2< 3,lla.tetrahydro. 5 H-p yrr olo I2 1- 
c][l,4]benzodiazepin-5-one (120, DRH-69) 

10% Ca/ Pb couple (1. 25 g , 10 M cd) was q 

stxrr.ng solution of the Troc-carbamate, lis {1 .' 00 

-ol) in a fixture of THP (13 mL, ana 1 N m , 0Ac (8 ^ . ' 

add-on, the reaction mixture went cloudy . 

TLC showed the reaction to be complete and the reaction 

-xture was diluted with EtOAc (200 mL) . The - solution wag 

drxed over anhydrous M gS 0 4 and the solids were filtered and 

rrnsed wrth EtOAc (SO mX, . of ^ 

the product as a yellow glass (0.581 0t 2 . 0 mmol, . 1 H ^ * 

«Hz, CBC13, 6 7 . 73 (d, 1H, J=4 . 57 „ z) , 7 . 08 (S/ 1H ;7 Q < 7 

(m, 1 2H ), 2.4-1.8 (m, 4H) ° ^ 

Example 3jgJ . 8-Hy»1rorv-7 , ? < 1 1 1 , , 

. tetra hYd rop Y rro 1 or2 f l-c 1f t 4 1 ,^ afltaaBfa=3=g ^^ 

168) tsee Pleura 91 } 

Methyl 4-hydroxy-3,5-aiaethoxyben 2 oate (121) 

Concentrated sulphuric acid (3 mL, , was added dropM . ge 

solution of 81 (20.24 B . 102.1 mmd, in refluxing 

(70 mL, . Th e reaction mixture was heated at reflux for a 

further 5 hours and then cooled to room temperature and 

concentrated to a third of its original volume. The 

concentrate was poured onto crushed ice (c. 150 mLJand allowed 

to stand for 30 minutes. The ag ueous mixture was extracted 

with ethyl acetate (3 x 100 mL, and the combined organic phase 

washed wxth distilled water (3 x 100 mL, , brine (3 x 1M 1, 

and dried over anhydrous MgS o 4 . Removal of ecxess solvent 

under reduced pressure afforded the product as a yellow solid 

"1 (18.39 g, 86.7 mmol; 1 H NMR ,270 MHz, C DC1 3 ) 5 3 9 < s 

3H>. 3.95 (s, 3H). 3.975 (s, 3H, , 6.1 (s, 1H, , 7.3 (s, 2R)' • 
C Nmr (67 . 8 mzi CDCl3) 5 U6 g ^ ^ ^ m ^ ^ 

56 . 4, 52 . 1 . ' 

Methyl 4-Benzyloxy-3, 5-dimethoxybenzoate (122, 

Benzyl chloride (11.04 g, 86.9 M) was added tQ . 



10 
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solution of 121 (19.22 g, 90.8 mmol) over K 2 C0 3 (6.59 g, 47.7 
mraol) in anhydrous MeOH (175 mL) and the mixture was heated at 
reflux for 12 h. Excess solvent was removed under reduced 
pressure and the residue was extracted with benzene (3 x 100 
mL) . The organic layer was washed with H 2 0 (3 x 100 mL) , 
brine (3 x 100 mL) and dried over anhydrous MgS0 4 . Evaporation 
of the solvent afforded an orange oil which crystallised on 
standing. The solid was redissolved in EtOAc,, and briefly 
washed with IN NaOH (100 mL) , H 2 0 (100 mL) , brine (100 mL) and 
dried over MgS0 4 . Evaporation of excess solvent yielded the 
product as a yellow solid 122 (19.20 g, 63.6 mmol); % NMR 
(270MHz, CDCI3) 5 3.8 (s, 3H) , 3.85 <s, 3H) , 3.9 (s, 3H) , 5.1 
(s, 2H), 7.3-7.5 (m, 7H) ; 13 C NMR (67.8 MHz , CDCI3) 0 166.7, 
153.2, 140.8, 137.3, 128.7, 128.6, 128.4, 128.4, 128.2, 128.0, 
15 127.7, 125.3, 106.7, 74.9, 56.1, 52.2. 

Methyl 2-nitro-4-benzyloxy-3,5-dimethoxybenzoate (123) 

Finely ground copper nitrate <Cu(N0 3 ) 2 , 14.79 g, 78.7 mmol) 
was added portionwise to a vigorously stirred solution of the 
substrate (19.00 g, 62.9 mmol) in acetic anhydride (120 mL) 

20 whilst keeping the reaction temperature below 40°C. The 

reaction mixture was stirred for 1 hour and then poured over 
ice (800 mL) . The aqueous mixture was left to stir for 1 hour 
and the product collected by filtration to afford a yellow 
solid (18.7 g); NMR (270 MHz, CDCI3) 5 3.85 (s, 3H) , 3.95 

25 (s, 3H), 3.96 (s, 3H) , 5.19 (s, 2H) , 7.3-7.5 (m, 6H) ; NMR 
(67.8MHz, CDCI3) 5 163.2, 154.3, 146.0, 145.2, 136.2, 128.7, 
128.5, 128.4, 128.3, 117.8, 108.52, 75.5, 62.7, 56.5, 53.0. 



2-Nltro-4~benzyloa«y-3 / 5-dlmetho3^ybenzoic acid (124) 

Potassium hydroxide (10.84 g, 193.6 mmol) was added to a 
30 stirred solution of the substrate (18.7 g, 53.9 mmol) in 

anhydrous methanol (220 mL) and the reaction mixture heated at 
reflux for 2 h. The reaction mixture was allowed to cool and 
acidified to pH2 with IN HC1 and extracted with chloroform (3 
x 100 mL) . The combined organic layers were washed with water 
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(3 x 200 mX>, brine (3 x 200 and dried over Mg so 4 
Evaporation of excess solvent by rotary evaporation under 
reduced pressure afforded the product as a yel low sol id (17 01 

9. si.i «, 95%)J Ihnmr (270 mzi c 5 ; ; ' 01 

»•» (br 3H,,5.1 (brs, 7.2-7.5 £ ^ ^ < 

methanol (125) 

A catalytic amount of DMF (5. drops, was added to a stirred 
solutxon of 124 , 10g , 30.0 M) ^ oxalyl chloride 

in dry CH 3CN (lis m ^ . *< 
The reason mixture was allowed to stir overnight and the 
results acid chloride used directly in the next part of the 
procedure. 4-benzyloxy-3, S-dimetho^-nitro-benzoyl ch loril 
m anhydrous CH3C (lis ^ wa3 added ^ ^ 

to a stxrring solution of pyrrolidine methanol (3.34 g 33 03 

Z nao 1 T ^ (7 ' 58 * ?5 - X - 01 ' 2 - 5 in hydrous 
OCM ,100 mL) at oo C under a nitrogen atmosphere and the 

reaction mixture was allowed to stir overnight at room 
temperature. The reaction mixture was washed with IN HC1 (2 x 
100 mX> and the organic layer was washed with distilled H 2 o 
« x 100 mL>. brine ( 2 x 100 mX> and dried over anhydrous 
MgS0 4 . Evaporation of the solvent yielded a brown glass (8 71 
9. 20 9 -01. 70%); 1„ M (2?0 ^ CDCl3) 6 x ? 2 ^ ^ 

3.3-3.5 C. 2H,, 3.7-3.9 <m, 2H >,3.9 ( s , 3 H,,4.0 ,s, 3H, , 
4^-4.3 (m. 1H), 5.1 ,.. 2H , , 6 . 85 (s , lH) , 

"C NMR ( 67 . 8 MHz, CDCI3, o 167.3, 156.8, 148.2, l 42 3 13 4 

"s o, 128 ,, 128 . 4 , 104 8( 75 6> 65 ?( ; 2 8 -; 4 16 - 4 - 

56.6, 50. 2, 28.3, 24.5. 



N-( 2 - to ino-4-Ben a y W .3,5-di m etho^benzoyl,p yrrolldine . 2 . 
methanol (126) 

Hydrazine hydrate (2.31 g, 72.2 nunol, was added dropwise to a 
so utxon of 125 (6.01 g, 14.4 M > in met hanol (60 ml, gently 
reflux.ng over Raney nickel (l.i g , slurry) . The resu 
vrgorous evolution of hydrogen gas subsided after 
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approximately 10 minutes and the reaction was deemed to be 
complete by TLC after 2 h. The reaction mixture was filtered 
through celite and the solvent evaporated. Distilled water 
(100 mL) was added to the residue, and the aqueous mixture was 
extracted with EtOAc (3 x 100 mL) and the combined organic 
phase washed with H,0 (3 x 100 mL) and brine (3 x 100 mL) and 
dried over anhydrous MgS0 4 . Evaporation of the solvent 
afforded the produc as a brown oil (3.97 g, 10. 3mmol, 73%); 
lH NMR (270 MHz , CDCI3) 5 1.6-2.2 (m, 4H) , 3.5-3.8 (m, 4H) , 
3.8 (s, 3H), 3.9 (s, 3H) , 4.4 (br S/ 1H) , 5.1* (s, 2H) , 6.6 ( S/ 
1H), 7.3-7.6 (m, 5H) ; 13 C NMR (67.8MHz, CDCI3) 5 171.5, 
144.9, 143.5, 141.9, 137.5, 134.6, 128.6, 128.5, 128.3, 128.2, 
128.0, 115.1, 107.3, 75.1, 66.9, 61.0, 60.6, 60.4, 56.9, 50.9, 
28.5, 24.9, 21.1, 14.2. 



15 N- ( 4 -Benzyl oxy- 3 , 5 -dime thoxy-2 - [ (2<- 

trimethylsilylethoxy) carbonyl amino [benzoyl ) pyrrolidine- 2- 
methanol (127) 

A solution of anhydrous pyridine (0.21 g, 2.6 mmol) in 
anhydrous DCM (10 mL) was added dropwise over 15 minutes to a 

20 stirred solution of 2- (trimethylsilyl) ethanol (0.92 g, 7.8 

mmol) and triphosgene (0.77 g, 2.6 mmol) in anhydrous DCM (30 
mL) . The reaction mixture was allowed to stir overnight and 
the resulting solution of 2- (trimethylsilyl) ethyl 
chloroformate added dropwise over 0.5 hours to the amine 126 

25 (1.98 g, 5.1 mmol) and anhydrous pyridine (1.22 g, 15.4 mmol) 
in distilled dichl or ome thane (70 mL) at 0°C. The reaction 
mixture was allowed to stir overnight at room temperature, 
diluted with anhydrous DCM (100 mL) , washed with IN HC1 (3 x 
100 mL), H 2 0 (3 x 100 mL), brine (3 x 100 mL) and dried over 

30 anhydrous MgSC>4. Filtration and evaporation of the solvent 
yielded the product as a colourless glass (1.43 g, 2.7 mmol, 
53%); 1h NMR (270 MHz, CDCI3) 5 -0.05 (s, 9H) , 0.94-0.99 (m, 
2H), 1.66-2.12 (m, 4H) , 3.32-3.54 (m, 2H) , 3.74-3.88 (m, 8H) , 
4.05-4.22 (m, 3H) , 4.69 (br s, 1H) , 4.97 (s, 2H) , 6.57 (s, 

35 1H), 6.64 (br s, 1H) , 7.23-7.43 (m, 5H) ; l^C NMR (67.8 MHz, 
CDCI3) 5 170.1, 155.1, 151.4, 148.1, 142.0, 137.1, 128.4, 
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56.3, 50.6, 28.7, 24.7, 17.6, -1.5. 

(US, lias, -S-benzyloay-V, (2 , . 

tr^ethylsllyletho^carbonyD-i^^^cu,!!^^^^^ 
PYrrolo[2,l-c][l,4] benzodiazepin-S-one. (128) 

Anhydrous OMSO (0.57 g, 7.2 M) in dry DCM (5 ^ 
dropwxse over 30 minutes to a stirred solution of oxalyl 
Chloride ,0.46 g, 3.6 Ml in dry DCM (5 maunder . nitrQgen 
atmosphere at -45<>C. After stirring for 15 minutes, the 
substrate (1.35 g, 2.6 mmol, in dry DCM (15 ml,, was added 
dropwise over 45 minutes to the reaction mixture, which was 
then stirred for a further 45 minutes at -4 5 o C . TEA (1. 0 g 
10.2 mmol) was added dropwise to the mixture over 0.5 hours 
and stirred for a further 15 minutes. The reaction mixture 
was left to war, to room temperature and diluted with H 2 0 (100 
mL, and the phases separated. The organic phase was washed 
with » HC1 ,3 x 50 m L ), water (3 x 50 mX) , brine (3 x 50 mZ,, 
and drxed over MgS0 4 . Filtration and evaporation of excess 
solvent afforded the product as an off-white glass (1 24 g 
2.3 mmol, 92%); 1 H NMR (270 MHz, CDC1 3 ) 5 -0 05 (s 9H) 
0-88-0.95 (m, 2H) , 2.06-2.23 (m, 4H) , 3.46-3.64 (m,' 2 H),' 3 75- 
4-02 (m, 7H), 4.11-4.27 (m, 2H, , 5.13 ,., 2H) , 5.65 (d, 1H J 
= 9-71 Hz), 7.11 (s, 1H), 7.34-7.54 (m, 5H) , 13 c M (67 g 
MHz, CDCI3) 5 166.8, 157.2, 153.1, 150.5, 143.4, 137.1, 12 S 2 
128.4, 128.3, 128.3, 128.1, 123.0, 106.2. 85.7, 75.0, 64 7 " 
61.7, 59.8, 56.1, 46.4, 28.6, 23.0, 17.5, -1.5, -1.6. 

(US, llaS) "8, ll-dihydrojcy-7, 9-dimethoxy-lo-N- (2 • . 
trin.ethylsilyletho^carbonyl) -1, 2, 3, 10, 11, lla-he*ahydro-5H- 
pyrrolo[2,l-c] [1,4] benzodiazepin-5-one(129) 

10% Pd/C catalyst (0.22 g) was added to a solution of the 
substrate 128 (0.95g, 2.1 mmol, in absolute EtOH (200 mL) 
The reaction mixture was hydrogenated under pressure using a 
Parr hydrogenator at 55 psi H 2 for 18 h. The reaction mixture 
was filtered through celite, and the celite washed with hot 
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EtOH, talcing care not to allow the filtration pad to dry out. 
Removal of excess solvent afforded the product as a colourless 
glass (0.84 g, 1.9 mmol, 92%); *H NMR (270 MHz, CDC1 3 ) 5 0.07 
<s, 9H), 0.91-0.97 (m, 2H) , 2.07-2.20 (m, 4H) , 3.52-3.75 (m, 
5 2H), 3.98-4.26 (m, 9H) , 5.65 (d, 1H, J = 9.71Hz), 6.26 (br s, 
1H), 7.14 (s, 1H); !3c NMR (CDCI3) 5 167.0, 157.3, 146.8, 
143.4, 141.3, 124.9, 123.5, 105.5, 105.2, 85.9, 64.8, 64.6, 
64.5, 61.2, 60.0, 56.4, 46.4, 28.9, 28.7, 23.1, 23.0, 17.3, - 
1.3, -1.5, -1.7. 

10 7 , 9 - dime t hoxy- 8 - Hydroxy- 1 , 2 , 3, 11a- tetrahydropyrrole [2, 1- 
c] [l,43benzodiazepin-2-one (130) 

A solution of TBAF in THF (4.3 mL of a IN solution, 4.3 mmol) 
was added to a rapidly stirred solution of 129 (0.37 g, 0.9 
mmol) in THF (10 mL) and the reaction mixture heated to 35°C 

15 for 2 h. The reaction mixture was diluted with EtOAc (50 mL) , 
dried over anhydrous MgS0 4 , filtered and removal of excess 
solvent by rotary evaporation under reduced pressure afforded 
the product as a brown oil (0.18 g, 0.7 mmol, 78%). H 1 NMR 
(CDC1,) mixture of Cll/Cll'R/S carbinolamine methyl ethers 5 

20 7.08 (s, 1H), 4.43 (d, 1H, J = 8.79 Hz), 4.05-3.23 (m, 12H) , 
2.3-1.48 (m, 4H) . 



Examples 3(h) to H ) : Synthesis of 7-Phenvl PBDs (See Fig ur* 
22) 

Synthesis f the 7- Iodo-N10-Troc-PBD Intermediate (134 f AG/91) 

25 5-Iodo-2- (2 ' , 2 • , 2 ' -trichloroethoxycarbonylamino) benzoic acid 
(132) 

A solution of Troc-Cl (2.88 mL, 20.9 mmol) in dry 
dichloromethane (20 mL) was added drop wise to a solution of 
5-iodoanthranilic acid 131 (5 g, 19 mmol) and pyridine (3.1 
30 mL, 38 mmol) in dry dichloromethane (30 mL) at 0°C. The 

solution was stirred for 5 hours at room temperature and then 
washed with IN HC1 (2 x 25 mL) , water (1 x 25 mL) and brine (1 
x 25 mL) . The organic phase was dried over MgSC>4 and 
evaporated, residue was recrystallized from ethyl acetate to 
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afford the title compound as a yellow solid (6 2 g 75%) . 
m-P. 248 C (ethyl acetate). 1„ NMR ( C DC1 3 , DMS0 -d 6 , 5 4 ' 8 3 
(S. 2H,; 7.78-7.82 ,dd, , = 9 . 2 , , = 2 . 2 Hz, 1H, ; 8.18 , . 

Hz H,,8.38 ld (J =, 2HZ( 1H, ; 9.0-10.5 (b's, 1„) ; u 04 
(». 1H). "c NMR (CDCI3 , D MS0 -d 6 ) 5 74.4, 84.6, 95 2 117 7 
120.7, 140, 140.8, 142.8, 151.5, 169. MS: m,e ' ' 

ntensity) 437 („-!. 60) . 289 (55) , 2?2 

(27). HRMS Calculated for C 10 H 7 Cl 3 I N O 4 : 436.6485. Found- 



«- (5-Xodo- (2 ■ , 2 • , 2 • -trichloroethoxycarbonylamino) benzoyl , 
pyrrolidine- 2 -methanol (133) 

oxalyl chloride (0.88 mL, 10 was added to a suspension 

of «2 (4 g, 9.1 mmol) in ary dichloromethane (50 mL) 
followed by 3-4 drops of DMP as catalyst. The solution was 
stirred at room temperature for 12 hours, and then used 
directly in the next step. The newly formed acid chloride was 
added drop wise, over 1 hour, to a solution of 2S-( +) - 
pyrrolidinemethanol (1.01 g, 10 mmol, and triethylamine (3 16 
mL, 22.7 mmol) in dry dichloromethane (50 mL) at -20°C The 
reaction mixture was allowed to stir for a further hour at - 
20° C and was then washed with dilute HC1 (IN, 2 x 50 mL) 
water (50 mL) and brine (50 mL) , dried over MgS0 4 and 
evaporated. The crude product was subjected to flash column 
chromatography to afford the title compound as a pale yellow 
oil (3.8 g, 81%): 1 H NMR (CDCI3 , DMSO-d 6 ) 5 1.77-2.28 (m, 4H) • 
3-48 (bs, 2H); 3.7 ,dd, J = 11. 4, J=6 . 2 , 1H) , 3 ^ (<J< , = ' 
11.4 HZ, 1H>; 4.40 (bs, 1H, , 4.75 (d, J = 12 Hz, 1H, , 4.84 (d 
* - 12 HZ, 1H); 7.66 - 7.72 (m, 2H) ; 7.85 (d, J = 8 .6 Hz, 1H) ' 
8.91 (bs, 1H). 13 CNMR (CDCI3, DMSO-d 6 ) 5 25.0, 28 1 51 2 
60.7, 65.3, 74.5, 86.1, 95.1, 123.0, 128.0, 135.6, 136 1 
139.8, 151.8, 168.4. IR ( Nujol) : cra -l 3415< 3^ m5 ' 1605 
1527, 1445, 1377, 1221, 1101, 1056, 822, 733. MS: m/e 
(relative intensity) 522 (M-, 3), 521 (M-, 1), 5 20 <M- 3) 
491 (3), 490 ,1), 489 (3), 372 (7), 341 ,28), 272 (80),' 24 5 ' 
(14), 216 (14), 83 (15), 70 (100). HRMS Calculated for 
Cl5Hi 6 Cl 3 IN 2 0 4 : 521.9193. Found: 521.9125. [ aJ » = + i 23 . 4 o _ 
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2.8, CHC1 3 ) . 

7-Iodo-10-N- (2 • , 2 • , 2 ' -trichloroethoxycarbonyl) - , 
1,2,3, 10, 11, lla-hexahydro-5H-pyrrolo [2 , 1-c] [1, 4] benzo- 
diazepin-5-one (134) 

5 A solution of DMSO (1.79 mL, 25.67 mmol) in dry 

dichloromethane (35 mL) was slowly added (30 minutes) to a 
solution of oxalyl chloride (12.8 mmol) in dry dichloromethane 
(41.4 mL) at - 45°C. The mixture was allowed, to stir for 25 
minutes and then treated with a solution of 133 (4,78 g, 9.2 

10 mmol), in dry dichloromethane (80 mL) , keeping temperature 

below -40°C. After further 60 minutes at -45°C, a solution of 
triethylamine (5.1 mL) in of dichloromethane (25 mL) was 
added, and the reaction mixture allowed to warm to room 
temperature. The organic phase was washed with water (180 

15 mL) , dilute HC1 (IN, 2 x 100 mL) and brine (200 mL) . Removal 
of excess solvent afforded the crude product which was 
purified by flash chromatography (ethyl acetate/petroleum 
ether 70/30) to give of a pale yellow oil (3.6 g, 76%): % NMR 
(270 MHz, CDCI3) 5 2.02-2.15 (m, 4H) ; 3.37-3.60 (m, 2H) ; 3.70- 

20 3.77 (m, 1H) ; 4.19 (bs, 1H) ; 4.28 (d, J = 12 Hz, 1H) ; 5.17 (d, 
J = 12 Hz, 1H); 5.66 (d, J - 9.7 Hz, 1H) ; 7 .10 (d, J = 8.3 Hz, 
1H) 7 7.79 (dd, J = 8.3, J = 2.2 Hz, 1H) ; 8.10 (d, J = 2.2 Hz, 
1H) . 13c NMR (CDCI3) 5 23.0, 28.8, 46.5, 59.6, 75.1, 86.0, 
93.2, 94.8, 132.0, 133.6, 135.0, 137.9, 140.1, 154.1, 165.2. 

25 IR (Nujol) : cm" 1 3500-3000, 1716, 1619, 1458, 1376, 1312, 
1075, 720. MS: m/e (relative intensity) 520 (M** , 62), 519 
(22), 518 (62), 491 (15), 371 (19), 342 (39), 272 (84), 216 
(31), 119 (27), 70 (100). HRMS Calculated for C 15 H 14 Cl3lN204: 
519.9036. Found: 519.9037. [a] as D = +137.4° (c = 1.15, CHCI3) . 
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7-Phenyl-10-N- (2 . , 2 . , 2 . -trlchloroethoxycarbonyl, - 
1» 2, 3, 10, 11, Ha-hexahydro-5-H-pyrrolo [2 , 1-c] [1,4] 
benzodiazepin-5-one (135) 

A suspension of 13. (0 .5 g. U «>, benzeneboronic acid 
4 8 "l r 1 !' Pd(PPh3)4 ^ ^ C0 3 <••" 

1.48 mmo » dlstllled benzene (2Q it)( ^ 
ethanol ,2 „*,) was heated at reflyx 

2 ?r t ethyi acetate <2 ° - - -~ 

water (2 x 20 ^ . The organic ^ ^ ^ 

ana ed t0 yield a crude yenow oU ^ * 

.T"?^ (6thyl aC6tate/ — ^ etner 30/70 to 
70/30, furnished the title compound (0.43 g , 95 %, , 1 H mR < 270 
"Hz, CDC1 3 , 5 1.98-2.09 , m , 2H) ; ™ < 70 

* ^3.7-3.79 1H)? , 28 (d , J=12 . 1H2/ 

• ,,= 98 Hz, 1 H > ; 7.33-7.48 I-. 7.«- 7 .7. C _ 

Is . 7 ; o = 7 \'\ Hz ' 1H) - CMffi (CDci3) 5 22 - 9 - 28 - 7 - 

59.8. 75.0; 77.3; 86.0; 94.9; 127 . 0; 127 . 3; ^ 

1 »• I 130.8; 132.9, 133 .5; 139.2, 141 . 1; 154 , ; 

m/e (relative intensity) 468 (M-, 10), 292 (25), 222 (100) 

»S (10,. 166 (35), 140 U0), 70 (70). HRMS Calculated for 

™Sci3 4 ;. 468 ' 0411 - Found: 468 - 0410 - [a] - = + «»••• c- 

(lla S )-7- P henyl.l,2,3,lla-tetra hyd ro-5H-p yri :ol oI 2,l.cni,4] 
benzodiazepin-5-one (136, AG/129) 

Cd/Pb ,0.47 g, coupie was added portion wise to a vigorously 

stirred solution of 135 (0 33 a 0 7 mm ^^ 

= (u.jj g, 0.7 mmol) in thf (5 mL) and 

of aq. ammonium acetate (l M , 5mL> . The suspension was 
allowed to stir at room temperature for 2 hours, then poured 
»to ethyl acetate ,200 mL, , dried with MgS0 4 and filtered 
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The filtrate was evaporated and the residue purified by flash 
column chromatography (ethyl acetate) to afford the title 
compound as colourless oil (0.19 g, 98%); % NMR (270 MHz, 
CDC1 3 ) 5 2.0-2.12 (m, 2H) ; 2.29-2.37 (m, 2H) ; 3.'s3-3.63 (m, 
5 1H); 3.76-3.92 (ra, 2H) ; 7.36-7.79 (m, 8H) ; 8.28 (d, J= 2.2 

Hz, 1H) . 13 C NMR (67.8 MHz, CDCI3) 6 24.4; 29.8; 46.9; 53.8; 
126.9; 127.3; 127.7; 128.0; 128.2; 128.8; 128.9; 129.1; 130.1; 
130.5; 139.5; 145.0; 164.5; 165.1. IR (Nujol)-: cnr* 3000-2800, 
1620, 1455, 1377, 1239, 1239, 1014, 990, 761,728, 697. HRMS 
10 Calculated for C 18 H 16 N 2 0: 276.1261. Found: 27*6.1262. [a]" = + 
131.4° (c = 0.19, CHCI3 ) . 

Example 3(1) : Synthesis of the 7- (4 1 -Methoxyphenvl) -PBD (138. 
AG/135) 




(llS/llaSJ-V-U'-MethoxyJphenyl-ll-hydroxy-lO-N-^' » ,2« , # 2« 
1 5 trichloroethoxycarbonyl ) -1 , 2 , 3 , 10 , lla-hexahydro-5H- 
pyrrolo [ 2 , 1-c ] -[1,4] benzodiazepin-5-one ( 137 ) 

134 (0.5 g, 1.0 mmol), 4-methoxybenzeneboronic acid (0.19 g, 
1.2 mmol), Pd(PPh 3 ) 4 (15 mg) and anhydrous Na 2 C03 (0.16 g, 
1.48 mmol) were heated at reflux, over night, in a mixture of 

20 distilled benzene (20 mL) , ethanol (2 mL) and water (2 mL) . 
The reaction mixture was diluted with ethyl acetate (20 mL) 
and washed with water (2 x 20 mL) . The organic phase was 
dried over MgSC>4 and evaporated to yield a crude yellow oil. 
Purification by flash chromatography (ethyl acetate/petroleum 

25 ether 50/50) afforded the pure compound (0.34 g, 71%): *H NMR 
(CDCI3) 5 1.96-2.16 (m, 4H) ; 3.54-3.63 (m, 2H) ; 3.71-3.79 (m, 
1H); 3.85 (s, 3H); 4.18 (d, J = 4.8 Hz, 1H) ; 4.29 (d, J = 12.1 
Hz, 1H); 5.20 (d, J = 12.1 Hz, 1H) ; 5.66-5.72 (dd, J = 4.5, J 
= 9.8 Hz, 1H); 6.97 (d, J = 8.8 Hz, 2H) ; 7.37 (d, J = 8.2 Hz, 

30 1H); 7.57 (d, J = 8.8 Hz, 2H) ; 7.64 (dd, J = 2.4, J = 8.2 Hz, 
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lH,; 797(d , J=2HZ(1H) . 13 CNMR(67 . 8MH 

i3o. 6; 13 i. 7 , 132 . 0; 132 . 2; 1323; 133 140 3 ;. 1 4 8 : 
«.6i i66. 9 . xh (Nuj01): cm .i 3000 . 2800i ' 1620 ;-; 4 4 - 5; 

8 1247 1082. 816( 721 . MS: „. (relative 

15), 350 (20, , 321 (15) , 252 (l00)< » 
126 (7,, 70 ( 28) . HKMS Calculated for C 22 H 21 C1 3 N 2 0 5 . 
-.0515. Found: 498.0513. W V V», «„ 

(llaS,-7-(4.-„etho W henyl)- 1/2 , 3 , lla _ tetrahydro _ 5H _ 

Pyrrolo[ 2/ l-c]-[l,4]ben 2 odl a2 epla- 5 -oue (U8f AG/135) 

Cd/ Pb couple (0.51 g , was added portion wige tQ 

stirred, solution of 137 (0.34 g, 0.76 mmol) in TH P«5 and 
aq. ammonium acetate (1M 5 mi \ 

UM ' 5 mL) • The suspension was allowed 
to stir at room temperature for 2 hours, then poured into 
ethyl acetate ,200 , dried over Mg S o 4 and filtered The 
organic solution was evaporated and the residue purified by 
flash column chromatography (ethyl acetate), to afford the 
title compound as colourless oil (0.1 g, 70 %) , 1„ nmr (CDC1, 
0 M SO-d 6 , o2.1 (m , 2H, ; 2.3-2.4 (m, 2H„ 3.5-3.62 (m. 1H) • 
3-85 (m, SB), 7.0 (d, J = 8.8 Hz, 2H, ; 7.36 (d, J = 8 3 Hz 
2H); 7.6 (d, a= 8.8 Hz, 2H, , 7.72 <dd, J = 2.2, J = 8.2 Hz 
1H>; 7.8 (d, J= 4.4 Hz, 1H, ) , 8.2 (d, J= 2 . 2 Hz , lH) 13( , 
NMR (270 MHz, CDC1 3 , DMSO-d,, 5 24.1; 29 .5; 46.7; 53 6- 55 3. 
77.3; 114.1, 114.3; 127.4; 127.6; 127.8; 128.0; 129.3; '131 V 
138.7; 144.3; 159.4; 164.2; 164.8. IR (Nujol , : cm - X 30QQ _ ' 
2800, 1662, 1607, 1491, 1454, 1245, 1069, 823, 759. MS: m/e 
(relative intensity) 306 (M-, 100), 277 ,15,, 237 ,10), 182 
(12), 153 (10), 132 (5), 70 (10). HRMS Calculated for 
C 19 H 18 N 2 0 2 : 306.1367. Found: 306.1365. [ a ]» - + 77, 10 , 
0.11, CH 3 OH). 8 ( ° = 
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Example 3(j) : Synthesis of t he 7- (3 ' -Mitroohenyl ) -PBD (140 
AG/15Q) 




NO; 



(HS / llaS)-7-(3 I -Nitro)phenyl-ll-hydro3cy-10-N'-(2' ',2" # 2' 
trichloroethoxycarbonyl ) -1, 2 , 3 , 10 , lla-hexahydro-5H- 
5 pyrrolo[2,l-c]-tl,4]benzodlazepin-5-one (139) 

134(0.5 g, 1.0 mmol), 3-nitrobenzeneboronic acid (0.2 g, 1.2 
mmol), Pd(PPh 3 ) 4 (25 mg) and anhydrous Na 2 C0 3 (0.16 g, 1.48 
mmol) were heated at reflux, over night, in a mixture of 
distilled benzene (20 mL) , ethanol (2 mL) and water (2 mL) . 

10 The reaction mixture was diluted with ethyl acetate (20 ml) 
and washed with water (2 x 20 ml) . The organic phase was 
dried over MgS04 and evaporated to yield a crude yellow oil. 
Purification by flash chromatography (ethyl acetate/petroleum 
ether 50/50) afforded the pure compound (0.45 g, 90%): 1h NMR 

15 (270 MHz , CDC1 3 ) 5 2.0-2.2 (m, 4H) ; 3.6 (m, 2H) ; 3.76 (m, 1H) ; 

4.31 (d, J = 12 Hz, 1H); 5.19 <d, J = 12 Hz, 1H) ; 5.76 (d, J = 
10 Hz, 1H); 7.5-8.5 (m, 8H) . 13 c NMR (68.7 MHz , CDCI3) 5 
22.9, 28.7, 46.4, 59.7, 75.0, 86.0, 94.8, 121.7, 122.6, 127.5, 
129.4, 129.9, 131.2, 132.0, 132.8, 133.9, 138.3, 140.7, 148.6, 

20 154.1, 166.3. IR (Nujol): cm" 1 3000-2800, 1721, 1626, 1530, 
1455, 1349, 1062, 821, 759. MS: m/e (relative intensity) 513 
(M*-), 336 (55), 321 (100), 292 (15), 267 (54), 221 (16), 197 
(18), 164 (15), 70 (22). HRMS Calculated for C 2 iH 18 C 13 N 3 0 6 : 
515.0233. Found: 515.0235. [a]", = + 129. 6° (c = 0.1, CH 3 OH) . 

25 ( llaS ) -7 - ( 3 • -Nitrophenyl ) - 1 , 2 , 3 , lla-t e trahydro- 5H-pyrrolo [2 , 1- 
c] [l,4]benzodiazepin-5-one (140, AG-150) 

A solution of TBAF in THF (1M solution, 7.6 mL, 7.6 mmol) was 
added to a solution 139 (0.39 g, 0.8 mmol) in of THF (20 mL) 
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and the reaction nature allowed to stir for 2 hours at room 
^ solution was dil ute d with ethyl acetate (5Q 
-L) ana washed with water ,3 x 50 no,, to remove excegg 
The organic phase was dried over Mgso 4 and evap'orated to ' 
dryness. The residue was purified by flash column 
chromatography ,CHC1 3 >, to afford the title compound as a 
colourless oil (0.15 g, 63 %, , 1 H mR (270 ^ 

2 .2(m. 3H, ; 3.5-4.0 «m.3H ); 7.3-8.5 (m, 7H ,, IR (Nujol)^ _ 
-"I 3000-2850, 1624, 1527, 1 466 , 1349, 1244 , 757 , ^ ^. 
m/e (relative intensity) 321 (*.-. i 00 ). 292 (8), 265 (5) 22A 
«). 1" (7,, 15 1 (5) . 70 (5) . HRMS Calculated for 
CI8H15N3O3: 321.1115. Found: 321.1113. [a]» = + 129 60 f 
0.1, CH3OH) . (C = 



Example 3^ • ..^ rw . tiM<wrt , r , 1|n i1>- 
tetr a hy d rop Yrr o 1nr2fl . ff1 f1 4^ aasa dl a z gBA|fa g^ „„ „„„ 
105) (s ee FicpiT-o 91 ) 



OMe 

BnO 



N- (4-Benzyloxy-3 / 5-dimethoxy-2- 

ItrichloroethyloKycarlK,nyla^noIben 2 o y i,p yrr oli dlae . 2 _ TCthaaol 
(141) 

A solution of 2,2,2-trichloroethyl chlorof ormate (1.08 g 4 8 
-ol> in distilled dichloromethane (10 ml,, was added dropwise 
over 0.5 hours to a solution of anhydrous pyri di ne (0.80 g 
10.1 mmol) and 126 (Example 3(g)) (1.95 g, 5.1 mmol) in 
distilled dichloromethane (20 mL) at 0<>c. After j hour the 
reaction mixture was diluted with anhydrous DCM (100 mL, and 
washed with IN HC1 (2 x 100 mL, . H 2 0 ,100 mL, , brine (100 mL) 
and drxed over anhydrous MgS0 4 . Evaporation of the solvent 
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yielded a brown oil which was purified by flash column 
chromatography (silica gel, EtOAc) to afford the product as a 
yellow glass (2.65 g, 4.7 mmol, 94%); 1h NMR (270 MHz, CDC1 3 ) 
5 1.6-2.2 <m, 4H), 3.3-3.6 <m, 2H) , 3.6-3.9 (m, '2H) , '3.8 (s, 
3H), 3.9 (s, 3H), 4.2-4.3 <m, 1H) , 4.8 (s, 2H) , 5.1 (s, 2H) , 
6.6 (s, 1H), 7.2 (br s, 1H) , 7.3-7.5 (m, 5H) ; 13 c ^ (67 g 
MHZ, CDCI3) 5 171.5, 153.1, 142.0, 137.023, 128.3, 128.3, 
128.2, 120.1, 105.3, 95.4, 75.3, 74.6, 66.5, 61.4, 61.3, 56.3, 
50.7, 28.7, 24.6. 



10 



20 



(llS,llaS)-8 -benzyloxy- 7 , 9 -dimethoxy- 1 1 -hydroxy- 1 0 -N- 
(2 " , 2 ' , 2 ' -trichloroethoxylcarbonyl ) -1, 2 , 3 , 10 , 11, lla-hexahydro- 
5H-pyrrolo[2,l-c]tl,4] benzodiazepln-5-one (142) 

Anhydrous DMSO (0.97 g, 12.5 mmol) in dry DCM (10 mL) was 
added dropwise over 30 minutes to a stirred solution of oxalyl 
15 chloride (3.08 mL of a 2N solution. in DCM, 6.2 mmol) in dry 
DCM (lOmL) under a nitrogen atmosphere at -45°C. After 
stirring for 15 minutes, the substrate (2.46 g, 4.38 mmol) in 
dry DCM (25 mL). was added dropwise over 45 minutes to the 
reaction mixture, which was then stirred for a further 45 
minutes at -45°C. TEA (1.77 g; 17.5 mmol) was added dropwise 
to the mixture over 0.5 hours and stirred for a further 15 
minutes. The reaction mixture was left to warm to room 
temperature, diluted with H 2 0 (100 mL)and the phases allowed 
to separate. The organic phase was washed with IN HC1 (2 x 50 
25 mL) , water (2 x 50 mL) , brine (2 x 50 mL) and dried over 

MgS0 4 . The solvent was evaporated to afford the product as an 
off-white glass (3.92 g, 11.7 mmol; 97 %) ? 1h NMR (270 MHz, 
CDCI3) 5 2.01-2.17 (m, 4H) , 3.44-3.77 (m, 2H) , 3.87-3.90 (m, 
1H), 3.88 (s, 3H), 3.91 (s, 3H) , 4.68 (dd, 2H) , 5.01 (s, 2H) , 
30 5.62 (d, 1H), 7.08 (s, 1H) , 7.27-7.48 (m, 5H) ; l^C NMR (67.8 

MHz, CDCI3 ) 5 166.7, 155.2, 153.6, 150.5, 143.6, 137.1, 129.8, 
129.3, 128.4, 128.3, 128.2, 128.1, 121.8, 106.5, 106.3, 94.7, 
86.2, 85.9, 75.6, 75.4, 75.2, 75.0, 61.8, 61.5, 60.2, 59.870, 
56.1, 56.0, 46,5, 46.3, 45.8, 28.7, 28.6, 23.0. 

35 
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c] [1, 4]benzodiazepin-5-one (143) 

10% Cd/Pb couple (1.2 g; io mol cd) was added ^ a rap . diy 
stirring solution of 142 (1.08 g; 1. 9 mmol, in a roixt ' ure Qf 
THF (15 mL) and IN NH 4 OAc (15 mL) . After 3.5 h , TLC revealed 
that reaction was still incomplete and more 10% cd/Pb couple 
(500 mg) was added. After a further 1 hour the reaction 
mixture was diluted with EtOAc (150 mL) . The solution was 
dried over anhydrous MgS0 4 and the solids were filtered and 
rinsed with EtOAc ,50 mL, . Removal of excess solvent yielded 
the product as a yellow glass (0.48 g, 1.3 mmol, 68%). H 1 NMR 
(270 MHz, CDC1.) 8 7.73 (d, 1H, J = 4.4 Hz), 7.36 (s, 2H , , 7 31 
(S, 2H>. 7.11 (s, 1H), 7.08 (s, 1H), 5.12 (br s, 2H, , 3 98- 
3-42 (m, 9H), 2.38-2.29 (m, 2H) , 2.23-1.83 (m, 2H) . 

Figure 241 




4- N itro-2- (2 • , 2 -,2 '-trichloroetho^arbo^la^iaObenwic acid 
(145) 

A solution of 2,2,2-trichloroethylchloroformate (Troc-Cl) 
(1.66 mL, 12.1 mmol) in dry dichloromethane (25 mL) was added 
drop wise to a solution of 4-nitroanthranilic acid 144 (2 g, 
11 mmol) and pyridine (1.78 mL, 22 mmol) in dichloromethane' 
(25 ml) at 0°C. The solution was allowed to stir at 25°C for 
5 hours. The reaction mixture was washed with dilute HC1 
(IN, 2 x 50 mL) , water (1 x 50 mL) , brine (1 x 2 5 mL) and 
dried over MgS0 4 . Removal of excess solvent by rotary 
evaporation under reduced pressure afforded the crude product 
which was used in the subsequent reaction without further 
purification. 
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N- [4-nitro- <2 ' , 2 • , 2 ' -trichloroetho^ycarbonylamino) benzoyl] 
pyrrolidine-2-methanol (146) 

Oxalyl chloride (1 mL, 12.1 mmol) and a catalytic amqunt of 
dry DMF were added to a suspension of the crude product from 
the previous reaction in of dry dichloromethane (50 mL) and 
the reaction mixture was allowed to stir at room temperature 
for 12 hours. The newly formed acid chloride was added drop 
wise, over 1 hour, to a solution of 2 S- (+) -pyrrol idinemethanol 
(1.22 g, 12.1 mmol) and triethylamine (3.8 mL, 27.5 mmol) in 
dichloromethane (50 mL) at -20°C (CCl 4 -dry ice) . The reaction 
mixture was stirred for a further hour at -20°C and was then 
allowed to warm to room temperature. The reaction mixture was 
washed with dilute HC1 (IN, 2 x 50 mL) , water (50 mL) and 
brine (50 mL) , dried over MgS0 4 and evaporated under reduced 
pressure. The residue was purified by flash chromatography 
(EtOAc/petroleum ether 50/50) , removal of excess eluent 
afforded of a yellow oil (1.34 g, 30%, over two steps): 1h 
NMR (270 MHz, CDC1 3 ) 5 1.7 - 2.3 (m, 4H) ; 3.45 (m, 2H) ; 3.71 
(dd, J = 5.5, J = 11, 1H); 4.06 (m, 2H) ; 4.43 (bs, 1H) ; 4.85 
(d, J = 13, 1H); 4.89 (d, J = 13 Hz, 1H) ; 7.56 (d, J = 8.4 Hz, 
1H); 7.96 (dd, J = 2.2, J = 8.4 Hz, 1H) ; 8.94 (d, J = 2.2 Hz, 
1H); 9.2 (bs, 1H) . 13c NMR (67.8 MHz, CDCI3) 5 24.9; 27.9; 
50.8; 60.5; 64.3; 74.6; 94.9; 115.9; 117.9; 128.6; 130.5; 
136.9; 149.0; 151.8; 167.7. MS: m/e (relative intensity) 441 
UM+1], 1), 291 (10), 260 (12), 191 (30), 164 (15), 154 (8), 
113 (20), 77 (20), 70 (100). HRMS Calculated for 
C 15 H 16 C 13 N 3°6 : 439.0104. Found: 439.0105. [a]" = - 110.6° (c 
= 0.13, CHCI3) . 



H- [ 4- amino ( 2 • , 2 • , 2 • - trichloroethoxycarbonylamino ) benzoyl ] 
pyrrolidine - 2 -methanol (147) 

A solution of 146 (1 g, 2.3 mmol) and SnCl 2 2H 2 0 (2.56 g, 11.4 
mmol) in methanol (20 mL) was heated at reflux for 6 hours 
(the reaction was monitored by TLC (3% methanol, ethyl 
acetate) . The reaction mixture was reduced to 1/3 of it's 
original volume and the pH adjusted to 8-9 with satd. aqueous 
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NaHC0 3 . Ethyl acetate U00 mL) was added and the mixture 
vigorously stirred fnr 15 k mixture was 

y stirred for 12 hours, then filtered through Celite 
to remove tin salt-c mi,^ . y ^eiice 

tin salts. The organic phase was dried over MoSC 
and evaporated to afford the product as a v e n n ' ' * 

97%) which was used in the next real <0 - 94 »' 

next rea ction without further 
purification: 1 H NMR (270 MHz, CDC1,) 61s , . , 

w.».m <». i„,..«. 14( „, 1H) ,.„, 7 , ^ 

«•« (a. J . 12.! „ 2 . 1H); 6 . 3J J = . 

"0.7.1. (d, j = fi.43 h 2 , 1H, ; 7.52 M . , 2 2 " a " . 

«••». «.». »«.., «.„ m .„ M8 . 3 , U2 , , , !U! 

«.v, ui.., m. 5 . » Wujoll! 3346 Jooo ; »■ ; 

<«>. "3 (Ml, 27 ,35,. 70 ,55,. « C . tol , M J 

ClsHi 8 CJ. 3 »30 4 , 409.0362. Found, 403.0363 [.,» - „ ,„ 
0.3. CHC1 3 |. i»l , - - 60. 1° (c . 



N- [4- (.Pmoc) amlno(2 • , 2 « ,2 ' - 

trichloroethoxyca.honyla^nojhen.oylj Pyrrol Idine- 2 _ thaaol 

An aqueous solution of N aHC0 3 (0.6 g, 5.67 «, lf in 20 ^ of 

( 2 2 o ZT T a t0 a solution of 147 (0 - 94 2 - 3 ™» * » 

0 . The reaction mixture was cooled to 0 o C and ^oc-ci 
0.65 g, 2.5 mmol, was added in small portions . ^ 
the reaction fixture was allowed to stir for 2 hours at room 
temperature. (TLC: ethyl acetate /petroleum ether 50/50, The 
reaction mixture was acidified with dilute HC1 (l N) and ' 
extracted with ethyl acetate (2 x 20 mX, . The organic phase 
was dried (MgS0 4 > and evaporated and the resulting ye u ow oil 
thus obtained was purified by flash chromatography to afford 
he product (1 .03 g, 72 % , : 1 H „ (270 ^ „ 
H .84 C. 1H,;2.11 <:„, lH , ; 3.48 (.. 2H, ; 3.71 < m , lH . 
■ 8 , : lHhU9 (t, i7 = 6.8 Hz, 1H, ;4 .40 ta . 2H); . 4 s ' (d 
J = 6.78 Hz, 2H, ;4 .73 (d. , ■ U.l. 1K> , 4.7. (d, , . 12 x 
H«. 1H), 7.2 -7.8 On, UH„ 8.04 ( bs , lH > . 13 CNMR(67 . 8 
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MHz , CDCI3) 5 25.1; 28.1; 46.8; 51.6; 60.8; 65.7; 67.1; 74.3; 
95.2; 109.9; 112.3; 118.3; 120.0; 124.9; 127.1; 127.8; 129.3; 
137.5; 140.9; 141.2; 143.6; 151.8; 153.2; 170.3. IR (Nujol) : 
cm- 1 3301, 3000-2800, 1738, 1599, 1525, 1451, 1224, 1056, 985, 
5 758, 740, 667. MS: m/e (relative intensity) 632 (M**), 409 
(15), 309 (20), 179 (25), 161 (100), 134 (8), 113 (25), 77 
(35), 70 (85). [a]" D = - 70.3° (c = 0.25, CHCI3) . 

(IIS, llaS) -8- (Fmoc) amino- 11 -hydroxy- 10 -N- (2 ■ , 2 • , 2 1 - 
trichloroethoxycarbonyl )-l,2,3,10,ll, lla-hexahydro-5H- 
10 pyrrolo[2 / l-c] [1, 4 ] benzodiazepin-5-one (149) 

A solution of DMSO (0,31 ml, 4.4 mmol) in of dry 
dichloromethane (10 mL) was slowly added (over 30 minutes) to 
a solution of oxalyl chloride (2.2 mmol) in dry 
dichloromethane (11.1 mL) at - 45°C. The mixture was allowed 
15 to stir for 15 minutes followed by the addition of a solution 
of 148 (1 g, 1.58 mmol) in of dry dichloromethane (15 ml), 
keeping the temperature below -40 °C. After further 60 minutes 
at -45°C, a solution of triethylamine (0.88 ml 6.32 mmol) in 
dichloromethane (6 mL) was added and the reaction mixture 
20 allowed to warm to room temperature. The reaction mixture was 
washed with water (50 mL) , dilute HC1 (IN, 50 mL) and brine 

(50 mL) . Evaporation of solvent afforded the crude product 
which was purified by flash chromatography (ethyl 
acetate/petroleum ether 50/50) . Removal of excess eluent 
25 furnished the product as a pale yellow oil (0.81 g, 82%): *H 
NMR (CDCI3) 5 1.96 - 2.16 (m, 4H) ; 3.47 - 3.56 (m, 3H) ; 3.6 

(m, 1H); 4.1 - 4.28 (m, 3H) ; 4.46 (d, J = 6.15 Hz, 2H) ; 5.01 

(d, J = 12.1 Hz, 1H); 5.64 (d, J = 12.1 Hz 1H) ; 7.22 - 7.76 

(m, 11H) . !3c NMR (67.8 MHz, CDCI3) 5 22.9; 28.7; 46.4; 46.9; 
30 59.9; 67.0; 75.1; 86.0; 94.8; 117.7; 119.6; 120.1; 124.9; 

127.9; 129.8; 134.9; 140.8; 141.3; 143.5; 153.0; 154.1; 166.7. 

IR (Nujol): cm^ 1 3282, 3000-2800, 1713, 1610, 1533, 1451, 
1220, 1058, 908, 735, 647 MS: m/e (relative intensity) 631 

([M+2], 1), 196 (5), 178 (100), 152 (5), 89 (7), 70 (10). 
35 HRMS Calculated for C3oH26Cl3N 3 0 6 : 629.0887. Found: 629.0887. 

[a]" = + 58.7° (c = 0.5, CHCI3 ) . 

D 
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(1X3, lias) -S-aaino-U-hydroxy-lO-N. (2 . , 2 , , 2 , _ 
trichloroetho^carbonyD-i^^^o^ll.Ua-^^.^. 
Pyrrolo t 2,l-c] tl,4]benzodiazepin-5-one (l 50 ) 

The Prot ted carbinolamine 149 (0>8 g( , 3 , 

a 5% solut.cn of pipeline in CH 3 CN ( 12 ^ 5 eq Qf 
Pyridine, . The raixture was ^ ' 

extracted With water (2 x 50 ^ ^ ^ < 

nr; te 0 n reduced pressure to yieid * — 

<0.24 g SO*,: ■'■H NMR (270 MHz, CDC 1 3 , 5 1. 9 . 2 . 2 (m , ^ . 

5-18 (d, J* 12.1 Hz. 1H); 5.61 (d, J = 10.3 Hz 1H) • 6 fi i , 
»>»«.« (d, J = 7.3Hz, 1H);7 . 56 (d, J = 8 2 H Z 1h) 1c' 
-<67.SMHZ, CnCl 3 , 5 2 3.0 ;28 . 7;46 , ;59 . 8; "' 9 lH 5 ^ 

1.8, ii, 5; U0 . 4 , 135 , ; 15 , 4; 167 3 ir ; o ; 

3340. 3224, 3000-2800, 1714, 1602 , 1460, 1311, 1208 , 1141 
1, 826, 759, 665. MS: m/e (relative intensity) 

i ; 340 (io> ' 309 (25) - 161 (i ° o, < - <»>. - 

(15). 70 ,80,. HRMS Calculated for C 15 H 16 c 13N3 0 4 : 407.0206 
Found: 407.0206. W - = + 47 . 80 (c . Q $ ^ -° 206 - 

Synthesis of (HaSJ-S-aMno-l, a^^la-tetrahydro-SH- 
PyrroloI2,l-cl U,4}benzoaiazepin-5-oae (151) 

Cd/Pb couple (5 eg, 0.34 g> was add ed portion wise to a 
vigorously stirred solution of 150 (0 .2 g. 0.5 M) in THF (10 
«.) and aqueous ionium acetate ,10 mL, . Stirring was allowed 

centre for a further 2 hours at room temperature and the 
reaction mix ture was poured into ethyl acetate (100 The 
organic phase was dried over Mer<?n, filt ^ 

60 OVer M 9 S °4' filtered and evaporated to 
yield the crude product which was subjected to flash 
chromatography (silica gel, 5% MeOH, 95% CHC1 3 ,. Removal of 
excess e uent afforded the product as a white solid (26 m g, 53% 
1h « (270 mz , CDCl3 , CD30D) 5 i $ ^ ^ « 

» 7 1; 'V; 5 ' 1 "' 1H,;5 -° (m< 2H,;6 - 05 

8 0 1 3 M S 7,75 ^ 1H> - IR <NUj0l,: « 33 ° 4 < 3000- 
2800, 1613, 1457, 1377, 1244, 1202, 1122, 1072, 825, 759 721 

». n>/e (relative intensity, 215 or. 100) . 186 (15) , m j 
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146 (10), 119 (25), 91 (15) ,70 (30), 65 (5). HRMS Calculated 
for C 12 H 13 N 3 0: 215.1058. Found: 215,1059. [a] 35 = + 163.3° (c = 
0.2, CHClj) . 

Example 3 (m) : Sy nthesis of (llaS) -B-methvl-7 . 9-dimefchoyy- 

1 , 2 , 3 , lla-tetrahvdro-5H-pvrrol o 12 . 1-cl n . 4 1 benzodiazepine 5 -on* 

(194) (see Figure 251 




Methyl 4-methyl-3,5-dimethoxybenzoate (187) 

Concentrated sulphuric acid (1 mL) , was added dropwise to a 
solution of 4-methyl-3 , 5-dimethoxybenzoic acid (186) (5.01 g, 

10 25.56 mmol) in refluxing methanol (20 mL) . The reaction mixture 
was heated at reflux for a further 5 hours and then cooled to room 
temperature and concentrated to a third of its original volume. 
The concentrate was poured onto crushed ice (c. 150 mL) and 
allowed to stand for 30 minutes. The aqueous mixture was 

15 extracted with ethyl acetate (3 x 100 mL) and the combined organic 
phase washed with distilled water (3 x 100 mL) , brine (2 x 100 mL) 
and dried over anhydrous MgS0 4 . Removal of excess solvent under 
reduced pressure afforded the product as a beige solid (187) 
(4.865 g, 23.17 mmol, 91%); l H NMR (270 MHz, CDC1,) 5 7.21 (s, 2H) , 

20 3.91 (s, 3H), 3.86 (s, 6H) , 2.13 (s, 3H) ; »C NMR (67.8 MHz, CDC1,) 
5 171.57, 167.28, 158.16, 158.10, 128.23, 120.39, 105.20, 104.70, 
55.85, 52.13, 8.77, 8.66. 

Methyl 2-nitro-4-methyl-3,5-dimethoxybenzoate (188) 

Finely ground copper nitrate (Cu(NO a ) 3 , 5.37 g, 28.57 mmol) was 
25 added portipnwise to a vigorously stirred solution of 187 (4.8 g, 
22.86 mmol) in acetic anhydride (30 mL) , whilst keeping the 
reaction temperature below 40°C. The reaction mixture was stirred 
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18.345 mmol> ; .« NMR (270 „H Z , CDC 1,, 5 7 . 20 ^ ./^ 

3H). 3.89 (s, 3H), 3.84 (s, 3H) 2 21 , a J „ " <S ' 

CDC1 ) 5 i« 7n ,„ « ' >; ° ^ < 67 - 8 MHz, 

62 88 „" ' 15 °- 89 ' 140 -° 8 ' 127 -° 6 ' "1.54, 106 98 

62.88, 56.21, 52.98, 9.82. -"■"<>. »b, 



a-Nitro^-methyl-a^-dimethoxsrheawic acid (1.89, 

Potassium hydroxide (3 71 a e.e. -»i 

9 ' 6 - 31 nmol > wa s added to a stir™* 
solution of 188 (4.83 o 18 <m m m ^i > • stirred 

and rh* " anhydrous methanol (80 mL, 

and the reactron mixture heated at reflux for 3 h. The r act ^ n 

-xture was allowed to cool and acidified to P H 2 with 1 N HC1 and 
he solid precipitate was fil tered and wasned with water 2 2 
: t0 - — « as a yellowy soli 

b IK 7 2 TT' 81%) " ' H <27 ° 5 ".88 

(br s 1H,. 7.23 (s, 1H,, 3.90 (s, 3H, , 3.75 ,., 3H ) , 2 14 ,. 

»» »C NMR (67.8 MHz, COC1,, 6 1 64 . 09 , 158.65, 150.0 1 9 ' 
125.70, 122.50, 107.24, 62.78, 56.34, 9.62. 

^4; Met ^- 3 -^ 

A catalytic amount of dmf (2 drops, was added to a stirred 
solution of 189 (3 96 a 15 ■?? ™™i 1 * stirred 

9 ' 15 - 32 mmol) and oxalyl chloride (2 14 g 
16.85 mmol, in dry CH a Cl, (50 mL, under a nitrogen atmosphere The 
reaction mixture was allowed to stir overnight and the resulting 
acid chloride used directly in the next stage of the procedure 

5 T^ imeth0Xy " 2 " nitr °- benZOyl Chl ° ride in OCM 

(50 mL, was added dropwise over 0.5 hours to a stirring solution 

of pyrrolidine methanol (1.55 g, 15.32 M , x.x eg) ^ TEA ^ 
0. 38.3 mmol, 2.5 eo> in anhydrous DCM (50 mL, at 0°C under a 
nitrogen atmosphere and the reaction mixture was allowed to stir 
ovem, ght at room temperature . The react . on nixture 

wit 1 N HC1 (2 x 100 mL,. and the or gan ic l aye r w as was hed with 
^tilled H,0 (2 x 100 mL,, brine (2 x 100 ^ ^ ^ 
anhydrous MgSO,. Evaporation of ^ 
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glass (190) (2.13 g, 6.56 mmol, 43% - 2 steps); >H NMR (270 MB 
CDC1,) 6 6.61 (s, 1H), 4.30-4.28 (m, 1H) , 3.91 (s, 3H) , 3.89. ( 
3H), 3.83-3.68 (m, 2H) , 3.46-3.26 (m, 2H) , 2.19 (s, 3H) , 1.94-1. 
(m, 4H); "C NMR (67.8 MHz, CDC1,) 5 167.85, 161.15, 152.62, 135.7 
5 132.32, 123.17, 103.70, 65.87, 62.61, 61.37, 56.36, 50.20, 28.4 
24.50, 9.34. 



10 



20 



N- ( 2 - Amino- 4 -methyl -3,5- dimethoxybenzoyl ) pyrrolidine- 2-methanol 
(191) 

Hydrazine hydrate (1.26. g, 39.37 mmol) was added dropwise to a 
solution of 190 (2.13 g, 6.56 mmol) in methanol (50 mL) gently 
refluxing over Raney nickel (1 g, slurry). The resulting vigorous 
evolution of hydrogen gas subsided after approximately 10 minutes 
and the reaction was deemed to be complete by TLC after 2 h. The 
reaction mixture was filtered through celite and the solvent 
15 evaporated. Distilled water (100 mL) was added to the residue, 
and the aqueous mixture was extracted with EtOAc (3 x 100 mL) and 
the combined organic phase washed with H 2 0 (3 x 100 mL) and brine 
(3 x 100 mL) and dried over anhydrous MgS0 4 . Evaporation of the 
solvent afforded the product as a brown glass (191) (1.91 g, 6.50 
mmol) which was protected directly as the troc-carbamate. 

N- (4-Methyl-3, S-dimethoxy-2- [trichloroethyloxycarbonylamino] - 
benzoyl) pyrrolidine -2 -methanol (192) 

A solution of 2,2,2-trichloroethyl chlorof ormate (1.38 g, 6.5 
mmol) in distilled DCM (25 mL) was added dropwise over 0.5 hours 
to a solution of anhydrous pyridine (1.03 g, 13 mmol) and 191 
(1.91 g, 6.5 mmol) in distilled DCM (25 mL) at 0°C. After 6 hours 
at room temperature, the reaction mixture was diluted with 
anhydrous DCM (100 mL) and washed with 1 N HC1 (2 x 100 mL) , H a 0 
(100 mL), brine (100 mL) and dried over anhydrous MgS0 4 . 
Evaporation of the solvent yielded a brown oil which was purified 
by flash column chromatography (silica gel, EtOAc) to afford the 
product (192) as a yellow glass (2.13 g, 4.53 mmol, 70%); l H NMR 
(270 MHz, CDC1 3 ) 5 7.59 (br s, 1H) , 6.56 (s, 1H) , 4.78 (br s, 2H) , 
4.25-4.23 (m, 1H) , 3.82-3.79 <m, 3H+1H) , 3.69-3 .63 (m, 3H+1H) , 



25 



30 
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3.52 (m, 1H), 3.42-3.33 (m, l H ) 2 13 7 , -> 

\ , m/, (m, 3H+1H) 1 ftft 1 o, 

61.01. eo.eo, eo. 27( 55.73, 5 o. 46 . 28 . 53 , 24 . 47 ' \2 ^ ^ 

(US. lias, -8-«et hyl - 7 , 9 _ dijttetho ^. 11 . hy(Jro3iy _ io _ N _ 

cltl,4] benzodiazepin-S-one (193) ■ pyrrol °f2.1- 

Anhydrous DMSO (1.006 o 12 fl7 1 • □ 

m " 0l) ln dr y (10 mL) was added 

. «•» -» — • — 

»« 2.13 «.S3 „ol, i„ ary DCM ,1„ „ as 

tatt- « -iOOt.S « - 5 „. C . TEA „.„ „ „.„ M) * e 
to too „ ixt „oo ovot ... „oo rs _ stlrr . a £oc , 2 
15 -tnotoo. Th. to.ctioo odxtoro „, loft to «.„ , 

'.ToTT."**" " ,s "* sh * a wit,, 1 " Hci 12 - » «. 

"•tot (2 . S . „ , s „ m) ^ fcUd 

001™ « evap< ,„ tea „ , ££ord ^ proaoct » 

(.. IB) ta„ „t»or l i4 , vi.ua. , t d 

> ■ ih, tai „o t Il4i vlsible „ a • 

CDO.I rotomers 8 166.82. 158.31. 152.82. 155.65. 155 43 „ 
46.56, 46.28. „.„, 28 . 62 , ; 7 ; 9 ' 4 °' 55 ' M - 

c] ri/4]benzodlazepin-5-one (194) 

10% Cd/Pb couple (1 34 a- in 7 

„. . 9 ' 10 * 7 11111101 Cd) was added to a rapidly 

stirring solution of 193 (1 a- 2 14 mm«n ■ . 

u g, ^.14 mmol) in a mixture of THF (15 
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mL) and 1 N NH 4 OAc (15 mL) . After 3.5 hours the reaction was 
diluted with EtOAc (150 mL) . The solution was dried over anhydrous 
MgS0 4 and the solids were filtered and rinsed with EtOAc (50 mL) . 
Removal of excess solvent yielded the product ' (194 )' as a white 
glass (554 mg, 2.021 mmol, 94 %) . l H NMR (270 MHz, CDC1 3 ) (mixture 
of imine and methyl ether forms) 5 7.72 (imine, d, J = 4.39, in), 
7.29 <s, 1H), 3.90 (s, 3H), 3.88-3.51 (m, 3H+2H+1H) , 2.37-2.04 (m, 
4H), 2.22 ( S/ 3H); »C NMR {67.8 MHz, CDC1 3 ) 5 164.65, 161.41, 
156.79, 153.47, 133.87, 126.29, 124.27, 105.71, 60.98, 55.80, 
55.70, 53.71, 46.70, 29.52, 29.34, 24.13, 9.33. 



Example 4 ; Synt hesis of the rrft-Ann n«>« 
Synthesis of 3- (ll-Hydroxy-5-oxo-10- (2,2,2- 
trichloroethyloxocarbonylaxnino) - (llaS) -2 , 3,5,10,11, 11a- 
hexahydro- lH-benzo [ e] pyrrolo [ 2 , l-al[ 1 , 4 ] diazepin- 8 -yloxy-2- 
propenylpropanoate (159) (see Figure 27) 




Nitro Di-acid (153) 

14.63 g of (4-carboxy-2-methoxy-5hydroxy-phenoxy) propanoic acid 

152 (61 mmol) was added portionwise to 70% nitric acid (100 mL ) 
stirred at 0°C. The reaction was stirred for 1 hour at 0°C then 
allowed to return to rt. The reaction mixture was then poured 
onto ice and allowed to stir for 18 h. The solids were then 
collected by filtration and washed with water. The aqueous 
layer was then extracted with ethyl acetate (3 x 150 mL) . The 
organics were then washed with water and brine and dried with 
sodium sulphate. The solvent was then removed in vacuo to give 

153 as a yellow solid, yield = 14.01 g (83%) mp 141°C. l H NMR 
(CDCI3) : 5 8.51 (bs, 2H, COOH) , 7.57 (s, 1H, CHCNO,) , 7.15 (s, 
1H, CH 3 OCCH), 4.35 (t, 2H, J =6.41 Hz, CH 3 CH 3 0) , 3.99 (s, 1H, 
OCH 3 ), 2.86 (t, 2H, J = 6.41 Hz, CH a CH,0) . "C-NMR (CDC1,) : 5 
33.93 (CH a CH a O), 56.42 (OCH,) , 65.2 0 (CH 2 CH,0) , 108.27 (N0 2 CCH) , 
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111.26 (CH 3 0CCH) , 122 . 50 (CCOOH, , 141.14(0,0,), 149.21 (CH CH OC) 
152.40 (CH,OC) , 166.93 (arom. COOH,, 1 72 . 24 (aliph . Jf? ' 
(NU3C1) v 2860, 2620 , 1740, 1720, 1590, 1540, 1480, 1 390 " 1350 
-0 -0 1250. 1 200 , 1060 EIMS m/e (re — Li y) 

= 286 (r-. 20), 241 (10), 213 (100), 169 ,20), 152 (5, m 
(20). 96 (5), 79 (5), 73 (15), 55 (10). m Calcd . ^ 
= 285.0511 found = 285.0538. ' 



2-Propene 3" (4-carbox y - 2 - I „ethox y - 5 -nltrcpheno W ,p ropanoate 

AMXtUre ° f 3 - (4 - CarbOXy - 2 - th ^-5-nitrophenoxy,p r opancic 
acad (153) (20 g, 74.3 mmol) and P - toluene sulphonic acid 
monohydrate (2.3 g, 7.4 rmol) in allyl alcohol (240 mL, 3.5 mol, 
was refluxed for 7 hours then allowed to cool. The allyl 
alcohol was then removed in vacuo, and the residue triturated 
with dilute HC1 acid and collected by filtration. This solid 
was taken up in EtOAc, and the resulting solution washed with 
water and brine and dried over sodium sulphate. Evaporation in 
vacuo afforded 154 as a white solid (19.27 g, 84%) , mp 128 . 130 
C "H-NMR (CDC1,,: 5 2 . 92 (t , 2H , a = 6 . 3S fc) ; 3^ (-< 
4-38 (t, 2H, a - 6.41 Hz, ; 4.65 (d, 2H, J = 5.61 Hz, ; 5.27 (dd, 
1H, a 1= 1.28 Hz, J,= 19.42 Hz,; 5.33 (dd, 1H, J x = 1.28 Hz, J, = 
17.04 Hz); 5.92 ,., lH , ; 7.15 (s, 1H, ; 7.45 (s, 1H) ; » C NMR 
(67.8 MHz, CDC1 J): 5 34.1, 56.5, 65.0, 65.4, 108.5, 111 3 
118.3, 122.9, 131.8, 141.1, 149.1, 152 . 6 , 167>1> Q . ^ 

(»ujol); v 1730, 1630, 1550, 1430, 1390, 1290, 1230, 1190 
1170, 1070, 1030, 1010 cm-; MS (EI) m / 2 (re iative intensify,- 
325 (M-, 19), 251 (3), 213 ,2), 196 (3), 211 (3), 1 13 ( 19)( 91 
71 (9), 55 (6); HRMS: calcd. for C l4 H l5 N0. 325.0798, found 



Prop-2-enyl 4- (W^S-Diethylthiomethylpyxrolldinecarbo^, -2- 
methoxy-5-nitrophenoxy)propanoate (155) 

2-Propene 3- (4-carbox y -2-methoxy-5-nitrophenyloxy)propanoate 
(154): 5 g, 15.34 mmol) , oxalyl chloride (2 mL, 23 mmol) and 5 
drops of DMF were stirred in dry THF (100 mL) for 18 h. The 
solvent was then removed in vacuo and the residue dissolved in 
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dry THF (50 mL) . This was added dropwise to a vigorously 
stirred mixture of (2s) -pyrrol idone- 2- car oxaldehyde diethyl 
thioacetate(3.15 g, 15.34 mmol) and triethylamine (1.86 g, 18.41 
mmol) . The stirring was continued for 18 h. The solvent was 
then removed in vacuo and the product purified by flash 
chromatography eluting with ethyl acetate to give 155 (7.48g, 
95%) as a yellow oil- l H NMR (CDC1 3 ) : 5 7.74 (s, 1H, OCCHC) , 6.83 
(s, 1H, MeOCCHC), 5.98-5.86 (ro, 1H, CH 3 CHCH 2 , 5.33 (d, 1H, J = 
26.56 Hz, OCH 2 CHCH 2 ), 5.28 (d, 1H, J = 20.24 Hz, OCH 2 CHCH 3 ) , 4.88 
(d, 1H, J = 3.85 Hz, NCHCH), 4.74-4.65 (m, 2H, OCH 3 CHCH 2 ) 4.42 
<t, 2H, J= 7.69 Hz, CH 2 CH 3 OC), 3.94 ( S/ 3H, OCH 3 ) , 3.29-3.21 (m, 
2H, NCH 3 ), 2.96 (p, 2H, J =3 .12 Hz, CH 2 CH 2 0) , 2.87-2.67 (m, 4H, 
SCH 2 CH 3 ), 2.32-1.78 (m, 4H, NCH 2 CH 3 CH 3 ) 1 . 38-1 . 31 (m, 6H, SCH 2 CH 3 ) . 
"C-NMR (CDC1 3 ): 5 15.00, 15.13 (SCH 2 CH 3 ) , 24.63 (NCH 2 CH 3 CH 3 ) , 
26.28, 26.59, 27.22 (NCH 3 CH 3 CH 2 ) , 34.13 (CH 2 CH 2 0) , 50.19 (NCH 3 ) , 
52.80 (NCHCH), 56.60 (OCH,), 61.08.(NCH), 65.13 (CH 3 CH 3 0) , 65.64 
(OCH 2 CHCH 3 ), 108.70 (arora. CH) , 109.47 (arom. CH) , 118.55 
(OCH 3 CHCH 3 ), 128.58 (CCON) , 131.73 (OCH 3 CHCH 3 ) , 137.17 (CN0 2 ) , 
147.98 (CH 2 CH 2 OC), 154.57 (COCH 3 ) , 166.61 (CON), 170.14 (COO). 
IR (Nujol) v= 3550-2720, 3000, 2630, 2200, 1740, 1640, 1580, 
1530, 1340, 1280, 1220, 1180, 1050 cm* 1 . MS (EI): m/e (relative 
intensity): 527 (M** , 1), 377 (10), 310 (12), 309 (72), 308 (94), 
268 (20), 142 (4). HRMS calcd. for C 34 H 35 0 7 N 2 S 3 = 527.1875, found = 
527.1885. 

5-Amino-3-(4- (2 -diethyl thlomethyl- (2S) -perhydro-1- 
pyrroloylcarbonyl ) - 2 -methoxyphenyloxy ) 2 -propenylpropanoat e (156) 

8 (7.21 g, 14.05 mmol) and Tin(II) chloride (15.85 g, 76 mmol) 
was refluxed for 40 minutes in ethyl acetate (100 mL) then 
allowed to cool. The solvent was then removed in vacuo and the 
residue was triturated with saturated bicarbonate solution at 
0°C. EtOAc (50 mL) was added and the reaction stirred 
overnight. The reaction mixture was then filtered through 
Celite and the filter cake washed with ethyl acetate. The 
combined organics were then washed with water and brine, dried 
with sodium sulphate and the solvent removed in vacuo. The 
product was purified using flash chromatography eluting with 5% 
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MsOH in <Uchl„ro»,tha». to 3ive . „ llo . ol _ 

186,1 • 

4.62 (m, 5H, including doublet at 4 62 2H t 
5.49 Hz, ^ + NC HCH, OCH,CHCH s , , 4.27 (tf 2H , , = 6 ° = 

CH,CH,0), 3.92, (m, 1H, NCH) , 3.74 (s, 3H, OCHj) 3663 57 , 
». NCH,, 2.89 (t , 2H, a - 6.6 H 2 , C H 3 CH,0, 2 2 

-^,,2,3-1,0 (m . 4H , ^ch,,: m 83 ; - 6 c : H ; H ; JC 

** <CDC1,, 6 14.20 <SCH jC H,>, 26.55, 27 . 23 (NCH CH OT , 3 ! ' 
(CH^O), 53,0 (NC HCH), 56.08 ,OCH 3 , , ...J ^ 39 (N H , 

4.20 <CH,CH,0>, 64.41 (OCH,CHCH,) , 1 02 . 26 (arom . CH) , £ ^ ' 
(arom. CH) , 118.40 (OCH^HCH,) , 131. 93 (0 CH,CHCH > 14, m ' 

; 4i :v™' — — — 

nea t ^ ^ 

1535, 1470, 1345, 1290, 1225 , ugo Ms _ 

tensity,: 482 W , 4 ), 347 (2) , 278 (31) , 13? 

HRMS calcd. for . 482 . 1909 , ^ = J ^'J 0 < 3 >< 

3-U-( 2 - Di eth y ithio 1I1 eth y i- {2S) - perhyaro . 1 . x 
propenylpropanoate (157) 

"oo r Uti ° n Z (5 ' 679 ' 11>74 IMn ° 1 ' in di ^-etha„e 
Idt ^ PyridinS <2 -° 2 23 - 48 «>• - thi. was 

6^ 3 SOlUti ° n ° f tri ~ ^ chloroformate 

h ato C r 0lK ^ SOlUti ° n ~ ^ * — 

1 hour at 0 C. The organics were washed with 1 N „ cl (3 x 100 

mL), water {3 x 100 roL) brine (ion mT i a • ■ 
su]nhah „ u ' 06 (100lflL )' dried over magnesium 

ulphate and the solvent removed in vacuo t0 give . 

« 6 93 (s, 1H, MeOCCHC), 5.99-5.86 «m. 1„. 0CH,CHCH,, , 5.31 
(at 1H 1 =1 . 47 Hz, 27 .84 Hz OC„,CHCH,> , 5. 25 (dt . lH , 
H*. 1.61 Hz, CH,CHCH,,, 4.89-4.77 4 „, including 9 

=1-28 HZ, CHCHSEt , NH, <*-TrOC> . 4.62 ,d, 2H, ff =1 28 Hz 
OCHjCHCH,) , 3.81 ... 3H, OCH,, . 3.60 ... 2H , NCHj) , 2 . 91 d ^ J 

SCH^,; C NMR (CDCl,,: 5 170 . 33 (ester CO). 1 68 . 50 (C0N) , 
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151.94 (OCO), 150.29 (C0CH 3 ) , 144.52 (C0CH 2 CH 2 ) , 131.93 
(OCH 2 CHCH 2 ), 131.35 (CNH) , 118.29 (OCH 2 CHCH 2 ) , 112.21 (arom. CH) , 
105.51 (arom. CH) , 95.27 (CC1 3 ) , 76.24 (CH 2 TrOC) , 74.39 
(CH,TrOC), 65.42 (CH 2 CH 2 0) , 61.14 (NCH) , 56.30 <OCH 3 ) , '53 . 00 
(NCHCHSEt), 34.27 (CH 2 CH 2 0) , 27.30, 26.71, 26.43, 25.24 
<NCH 2 CH 2 CH 2 ), 15.27, 14.87, 14.18 (SCH 2 CH,) . MS (EI): m/e 
(relative intensity): 658, 656 (M** , 1) , 508 (1), 373 (6), 305 
(5) , 304 (27), 192 (5) , 70 (12) . 

a-fll-Hydroxy-S-oxo-lO-Ca^^-trichloroethyloxocarbonylamirio)- 
( llaS ) - 2 , 3 , 5 , 10 , 11 , lla-hexahydro- 1 ff-benzo [ e] pyrrolo [ 2 , 1 - 

a] [l,4]diazepin-8-yloxy-2-propeaylpropanoate (158) 

A solution of 157 (6.8g, 10.34 mmol) in acetonitrile/water (4:1, 
200 mL) was treated with calcium carbonate (2.585g, 25.85 mmol) 
and mercuric (II) chloride (7.00g, 25.85 mmol) and the solution 
was stirred for 18 h. The reaction was then filtered through 
Celite and the filter pad washed with ethyl acetate. The 
organics were collected and washed with water (3 x 50 mL) , brine 
(100 mL) and dried over magnesium sulphate. The solvent was 
removed in vacuo and the resulting product was purified by flash 
chromatography eluting with ethyl acetate to give the product as 
a yellow oil (3.67 g, 64%) l H NMR (CDC1 3 ) : 5 7.25 (arom. CH) , 
6.86 (s, 1H, arom. CH) , 6.00-5.85 (m, 1H, CH 2 CHCH 2 ) , 5.67 (d, 1H, 
J = 9.71 Hz, TrOC-CHj 5.37-5.20 (m, 3H, TrOC-CH 2 + OCH 2 CHCH 2 ) , 
4.65 (d, 2H, J = 5.67 Hz, CH 2 CHCH 2 0) , 4.36-4.22 (m, 3H, CH 2 CH 2 0 + 
NCHOH), 3.90 (s, 3H, OCH,) , 3.72-3.47 (m, 3H, NCH + NCH 2 ) , 2.91 
(t, J = 6.41 Hz, CH 2 CH 2 0) 2.29-2.00 (m, 4H, NCH 2 CH 2 CH 2 ) "C NMR 
(CDC1 S ) : 5 170.33 (ester carbonyl CO), 166.17 (CON), 154.4 
(OCO), 149.88 (COCH 3 ) , 148.93 (COCH 2 CH 2 ) , 131.86 (CH 2 CHCH a ) , 
127.48 (arom. CN) , 126.24 (CCON) , 118.42 (OCH 2 CHCH a ) , 114.48 
(arom. CH) , 110.82 (arom. CH) , 95.09 (CC1 3 ) , 86.42 (NCHOH), 
74.96 <TrOC-CH 2 ), 65.47 (OCH a CHCH a ) , 64.43 (CH 2 CH 2 0) , 60.13 (NCH), 
56.14 (OCH,), 46.44 (NCH 2 ) , 34.26 (CH 2 CH 2 0) , 28.64 (NCH 2 CH 2 CH 2 ) ,MS 
(EI) m/z (relative intensity): = 552 (M* 10), 550 (10), 374 (2), 
368 (5), 304 (15), 192 (8), 70 (24), 55(24). HRMS calcd. for 
C 22 H„N 2 0 8 C1 3 = 552.0651, found 3 peaks due to chlorine 552.0646, 
550.676, 554.0617. 
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3- (H-Hyar«»y-5-oxo-7-methoxy-lo. ( 2 , 2, 2- 
trichloroethyloxocarbonyla-dno, - (U-) -2, 3. 5, 10, 11, lla- 

yloxypropanoic acid (159) ' 

A solution of 158 (3 * n c k 

(100 mL> „ w. ' dissolv ^ in ethanol 

(lOOmL). To this was added 

Te t rakis(triphenylphospine)pall a dium(0, (350- n 30, 

- solution refiuxed for 30 minuteg ^ t ° h - ' - ) - 

complete by « monitoring . The « - 

cool and the filtered through Celite. The EtOH was hT 
~ t o 3iye the or.de Serial as a JZ ZZZZZ 
used drreotly in the next, steps. 'h-Nmr (C DC1,, , 6 7 22 ( . lH 
0CCHC N ), 7 .01 (s , 1H , Me0CCHC) , 6 . 2? (bS( 5.67 (d 1h' a 

- H 2 . T rOC-CH j)( 5.06 (d , 1H, , =l 2 . 09 Hz , } * £ * 

Kir r;iT H> ; 3 - 85 (s ' ct. i,t:::L, 

CH,CH,0), 3.51 <». 1H< NCH) , 2.80 „. 2H , NCH ,> , 2 ^ „ 
4H, NCH 2 CH,CH 1 ) ( 1 21 (t ?k t c or ( ' 

5 - 174.27 (acxd CH), 167.34 (CON) , 154.20 (OCO, . 149 78 
KOCH,, , 148 74 (COCH2CH2) , 133.79 (arc. CH) , 
CH), 128.66 (arom. CN) , 1 25 .87 (CCON) , 9S.06 (CC1 ) 86 53 

<™ „.„ 60 . 67 11KH) , 59 . 2J — 3 

,^o, ''' 35 ' 2 " " 0 '• a< • C "' , • 28 " <»W. «... 
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Example 4(a) : 3- (7-methoxv-5-oxv(llaS) -2 , 3 r s r lXartetraSg grg^ »?■ 
benzo [ e ] pyrrolo r 1 , 2 - al T 1 , 4 1 di azepin- 8 -yloxv ) - 1 -pgrhvdro- 1 - 
pyrrolvl-l-propan one (161Wsee Fiourft 3fi) 



3 - ( ll-Hydroxy-7 -methoxy- 5«oxo-10 - ( 2 , 2 , 2 - 
5 trichloroethyloxocarbonylamino) - (llaS) -2, 3 , 5, 10, 11 , 11a- 

hexahydr o - 1 tf-benz o [ e] pyrrolo [ 2 , 1-a] [ 1 , 4 ] diazepin- 8 -yloxy-1- 
perhydro-l-pyrrolyl-l-propanone (160) 

To a solution of 159 (100 mg, 0.196 mmol) in dichl or ome thane was 
added 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 

10 hydrochloride (44 mg, 0.23 mmol) and 4- (dimethyl amino) pyridine 
(5 mg, 0.04 mmol) and the solution stirred for In. To the 
reaction was added pyrrolidine (16.36 mg, 0.23 mmol) and the 
reaction stirred for a further 2h. The solvent was then removed 
in vacuo and the compound purified by flash chromatography 

15 eluting with 5% methanol in dichlorome thane to give the product 
as a yellow oil, yield = 56 mg, 51%. >H NMR (CDCl,) : 5 7.25 
(OCCH), 6.90 (s, 1H, MeOCCHC), 5.66 (d, 1H, J = 5.49 Hz, TrOC- 
CH 3 ), 5.16 (d, 1H, J = 12.09 Hz, TrOC-CH 2 ) , 4.84-4.74 (m, 2H, 
CHOH, CllaH), 4.35-4.23 (m, 2H, CH 2 CH a O) , 3.90 (s, 3H, OCH 3 ) , ), 

20 3.73-3.67 (m, 1H, NCH), 3.53-3.44 (m, 6H C-ring NCH a , 

pyrrolidine- N(CH a ) a ), 2.92-2.76 (m, 2H CH a CH a O) , 2.11-1.85 (8H, 
C-ring NCH 3 CH 2 CH 2 + pyrrolidine-NCH 2 CH 2 CH 2 ) ; "C-NMR (CDC1 2 ) : 5 
168.62 (amide CO), 167.05 (CON), 154.31 (OCO) , 149.94 (C0CH 2 ) , 
148.56 (COCH 2 CH 2 ), 127.76 (arom. CN) , 125.95 (CCON) , 114.14 

25 (arom. CH) , 110.49 (arom. CH) , 95.04 (CC1 3 ) , 86.48 (NCHCHOH) , 
74.98 (CH a -TROC), 65.15 (CH a CH a 0) , 60.20 (NCH) , 56.13 (OCH,) , 
46.85, 46.44, 45.76, 34.47, 28.60, 26.02, 24.42 (various N- 
(X)CH 2 ), 23.04 (CH 3 CH a O); FABMS m/z (relative intensity) 564 (M* 
1), 550(3), 549 (2), 548 (8), 547 (2), 546 (8), 279 (2), 192 

30 (4) , 126 (18) , 98 (6) . 




O 
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3 - (7 -^ho 3 cy- 5 -oxy(liaS)-2,3,5,lla-tetrahydro-lir^ 
pyrrolyl-l-propanone (161) 

Method A: to a solution of 160 U00 m g , 0 .164 «, in 
dich orom et hane (S mx> was added (3 - dimethylain _ 3 _ 
ethylcarbodiimide hydrochloride (38 mg, 0.2 mmol, ^ 
pyrrolidine (14 m 9( 0.2 mmol) and the reaction 
The m t ure was then dUute with dichloromethkne - ^ « 

solution (3 x 50 mL) and brine (50 mL) T h* 

* ^o and the product purged by ^J^ZT^ 
luting with 5% methanol in dichloromethane tQ g J> y 
161 as a whxte soli d ( yield 26 . 3 mg< 4Q%) 

Method B: to a solu tion of 160 (100 m g , 0 .164 mmol, in 
dich oromethane (5 ml.) was added l^-dimethylaminopropyl, - 3 - 
ethylcarbodiimide hydrochloride ,38 m g , 0 .2 mmol, and tL 
-action stirred for 3 hours. The reaction was then treated 
wxth tetrabutylammonium fluoride (200 jXL of a 1 0 * ,«i ■ 
thf n o mm ii . * 0 M solution in 

Z " m,0l) ^ Stirred f « 3 ° ™tes. The reaction was 
hen treated with pyrrolidine (14 m g , 0 .2 .nol, and stirred for 
18 h. The mxxture w as then dilute with dichloromethane (100 mL, 
-d washed with water (3 ,50.,, satU rated ^ 
solution (3 x 50 m ^ brine (50 ^ ^ ^ - 
» vacuo and the product purified hy fl ash chromato.rapby 
e uting with 5 % methanol in dichloromethane to give the product 
161 as a white solid (yield = 54.2 mg, 82%, 

Method C: To a solution of 160 (56 mo o 1 i 

vjo mg, u.l mmol) in THF n mrl 

was added 1 M ammonium acetate solution (2 mL, and the re tit 
fixture stirred. To the solution was added 1 0% C d /P b couple 

T„e rl° ^ 62 " 4 M9 J. ^ ^ reaCti ° n '« 90 

Th reaction was filtered and diluted with ethyl acetate ,20 

•* ■ The solution was dried with magnesium sulphate and the 

solvent removed in vacuo, the product as then purified by flash 

chromatogrephy elutin g with 5% methanol in dichloromethane to 
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give the compound as a white solid {yield = 21 mg, 56%) . *h NMR 
(CDC1 3 ): 5 7.66 (m, 1H, J = 4.39 Hz, N=CH) , 7.50 (s, 1H, arom. 
CH), 6.88 (s, 1H arom. CH) , 4.42 (t, 2H, J = 6.96 Hz, OOCCH,CH 3 ) , 
3.92 (s, 3H, OCH 3 ), 3.90-3.44 (m, 5H, pyrrolidine CHINCH), 2.87 
(t, 2H # 5.96 Hz, OOCCH 2 CH 2 ), 2.28-2.33 (m, 2H f NCH 2 CH 2 ) , 2.10-1.87 
(in, 8H, C-ring +pyrrolidine CH 2 ) . 168.58 (amide CO), 164.65 
(CON), 162.43 (imine CH) , 150.52 <COCH 3 ) , 147.61 (COCH 2 CH 2 ) , 
140.76 (arom. CN) , 120.33 (CCON) , 111.54 (arom. CH) , 110.61 
(arom. CH) , 65.20 (COCH 2 CH 2 ) , 56 . 21 (COCH 3 ) , 53.7 (NCH) , 46.77, 
46.67, 45.69, 34.40, 29.62, 26.06, 24.54, (CH 2 ) , 24.19 (COCH 2 CH 3 ) 
MS (EI): m/e (relative intensity): 371 <M*\ 10), 246 (10), 245 
(5), 231 (3), 126 (18), 98 (2), 70 (5), 55 (3); HRMS calcd. for 
C 20 H 15 O 4 N 3 = 371.1845, found 371.1788. 

Example 4(b) : 3- (7-methoxv-5- oxyrilaS) -2 , 3 , 5 . lla-fcetrahvdro-lK- 
benzo T el pyrrolo r 1 . 2 - a] T 1 , 4 1 di azepin- 8 -vloxv ) - l-niperidino-l- 
propanone (163) (see Figure 28) 



3 - ( ll-Hydroxy-7 -methoxy- 5 -oxo- 10 - ( 2 , 2 , 2 - 
trichloroethyloxocarbonylamino) - ( llaS) -2 , 3 , 5 , 10 , 11 # 11a- 
hexahydro-lff-bexizo [e] pyrrolo [2 , 1-a) [1, 4] diazepin-8-yloxy-l- 



To a solution of 159 (100 mg, 0.196 mmol) in dichl or ome thane was 
added 1- (3-dimethylaminopropyl) -3-ethylcarbodiimide 
hydrochloride (44 rag, 0.23 mmol) and 4- (dimethyl ami no) pyridine 
(5 mg, 0.04" mmol) and the solution stirred for lh. To the 

25 reaction was added piperidine (25 ilL, 0.23 mmol) and the 

reaction stirred for a further 2h. The solvent was then removed 
in vacuo and the compound purified by flash chromatography 
eluting with 5% methanol in dichloromethane to give the product 
as a yellow oil, yield = 94 mg, 84%). X H-NMR (CDC1 3 ) : 5 7.25 

30 (S,1H, OCCHCN) , 6.90 (s, 1H, MeOCCHC) , 5.65 (d, 1H, J = 9.71 

Hz, TrOC-CH 2 ) , 5.17 (d, 1H, J = 11.94 Hz, TrOC-CH 2 ) , 4.37-4.24 




20 



perhydro-l-piperid±no-l-propanone (162) 
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<«. 4H, CHOH + OW), 3.91 (.. 3H/ OCH,) . 3 73 3 67 , , 

3,4-3.45 (m , 6H . NCH, piperidine : ^ " 3 2 6 9 H i 

P.per.dine-CH,,; » C nmr (CDC 1,, , 5 168 . 22 (amide ' >' 
(CON) , 154.38 (OCO), 149.96 (COCH ) l.fi „ 

i 25 ,4 ( cco N) , ri? ;r- V™; 127 - 74 

-0 2 ,01,,, 86 , 8 (NCHCH0H) , ?4 . 96 ^ ; CH, 

60.33 (TO. 56.08 (OCH,, . 46.77 , 46.44, 42 75 32 7 , " " 
-.33. 25 .48, 2 4.44 (various ^ , " £ 

m/z (relative intensity); = 579 (1) 577 M1 " , ' ^ 

246 — — - ) ,ii 7 I ( ( 2 1 ; ; 

<3)<70 (7), 69 (4), 55 (4) , HRMS calcd. o C t ^ cl ? 
579.1120 found 579.1066 c «H JoNj0 ,Cl, = 



3- (7-»ethoxy-5-oxv(lla S ) -2, 3, 5, lla-tetrahydro-lH- 

^ 0 ^'^ori,2.a ]tl ,4 I aia 2 epi a -8- yloJv) . 1 . plperldino . l . 
propanone (163) 

tL^rr r ate ,oi " ti °" 12 w - — . 

sttrroo. To the .olutioa „ as addea „, 

100 „, ,„ a r „« lon selrted £oc m ^ ^ -01. 

"It— aoo oiloteo „ lth ethyl . 
oolotton „. atioo with mgMsi „ sulphate „ d ^ 
i. v a c u o. the proouot as toe, puti£i9d „ flash S<,1Vent 

'.e/ (a, 1H, J - 4.4 Hz, N=CH), 7.51 (s 1H 
OCCHCN,, 6.89 (s, 1 H , MeOCCHC) , 4.4 2 (t , 2H , a = 7 u 

OWP1.3..3 3H, OCH,,, 3.90-3.44 (m , 5H, NCH,' NCH, 

„ n(CHj)j) , 2 . 73 (t< 2H a ? ^ Hz . 

«. 2H, C-rrn g CH,,, 2.11-2.02 (m , 2H , c . ring i 62 _ 

H prperxdine CH,, , » C NMR (CDCl,, s a 168.19 (amide CO), 164 6 

" 162 " 3 <C0N) ' 15 °- 52 <C0CH ^ 147 ' 61 ' 
40.70 (arc. CN, , 120.31 (CCON, , U1 . 51 (arc. CH) , 110 58 

arc,. CH) , 65.44 ( CH,CH,0> . 56.11 (0 CH,, , 53.73 (NCH) , 46.70 

i«, 24 6 19 3 , 2 ' 72 ' 25 ' 52 ' 24 - 4 ° 

<X)CH 3 ), 24.19 <CH,CH,0, MS (EI): m/e (relat . ve ^ 
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(IT, 6), 246 (8), 245 (3), 231 (3), 140 (15), 138 (5), 97 ( 5) , 
84 (3); HRMS calcd. for C ai H a7 0 4 N, = 385.2002, found 385.2058. 

Example 4(c) ; 1,(2 . 3-dihvdro-lH-indolvl) -3- I 7-« ? i» Wy_ b- 

oxy ( llaS ) -2 . 3 , 5 , l la-tetrahvdro-lff-benzo Tel pyrrolo f 1 f 3- 

a] [l,41diazepin-8-vloxv)-l-pro p anone (1^5) (see Figure 28) 




1- (2 , 3-Dihydro-lH-l-indolyl) -3- (ll-hydroxy-7- m ethoxy-5-.oxo-10- 
( 2 r 2 , 2-trichloroethyloxocarbonylamino) - ( llaS ) -2 , 3 , 5 , 10 , 11", 11a- 
hexahydro-lH-benzo [ e]pyrrolo [2, 1-a] [ 1, 4 ] diazepin-8-yloxy-l- 
propanone (164) 

To a solution of 159 (100 mg, 0.196 mmol) in DMF was added l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (44 mg, 
0.23 mmol) and 4- (dimethyl amino) pyridine (5 mg, 0.04 mmol) and 
the solution stirred for lh. To the reaction was added indoline 
(27.4 mg, 0.23 mmol) and the reaction stirred for a further 8h. 
The solvent was then removed in vacuo and the compound purified 
by flash chromatography eluting with 5% methanol in 
dichloromethane to. give the product as a yellow oil (yield = 71 
mg, 61%). *H-NMR (CDC1,): 5 1.99-2.12 (m, 4H, NCH a CH a CH a ) , 3.20 
(t, J = 8.42 Hz, CH.CH.O), 3.71-5.00, (m, 4H, NCH a , NCH, CHOH) , 
3.89 (s, 3H, 0CH 3 ), 4.18-4.09 (m, 2H, indole-CH a ) , 4.27 (d, 2H, J 
= 11.90 Hz, indole-CH a ), 4.43 (t, J = 6.23 Hz, CH a CH a O) , 5.16 (d, 
1H, J = 11.91 Hz, TrOC-CH a ), 5.30 (s, 1H, OH), 5.66 (d, 1H, J = 
9.89 Hz, TrOC-CH a ), 7.20-6.93 (m, 5H, indole-CH, arom CH) , 8.18 
(d, 1H, J = 8.25 Hz, indole-CH); "C-NMR (CDCl,) : 5 168.24 (CON), 
166.97 (CON), 154.36 (0C0) , 149.91, COCH 3 ) , 148.65 (COCH a CH a ), 
132.14, 131.99 (indolyl ring junction), 128.61, 128.43 (indole- 
CH), 127.52, (arom. CN) , 124.61 (CCON) , 114.20 (arom. CH) , 
110.58 (arom. CH) 95.02 (CC1,) , 86.43 (NCHCHOH) , 75.01 ( (TrOC- 
CH), 64.89 (CH a CH a O), 60.13 (NCH), 56.11 (OCH 3 ) , 48.11 (indole- 
CH,), 46.43 (NCH a ) , 35.64, 28.64, 27.97, (CH a ) , 23.03 (CH a CH a O) ; 
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MS (EI, m/z (re l ative intensity): = 595 

; 1, ; 13 2 ; 6 (2> ' 192 — — ro.u, a 7) ,usao,. 



nr 1 ^ (2 ' 3 " dih ^-^ i -^e) * NMK (CDC1,,: 5 7 22 
(m, 4H, arom CH) , 4 26 fs > „ 

(CDClj) . 5 140.37, 140.36 (ring junctions), l 27 . 15 126 go 
122-60, 122.51, 122.33 (arom. CH, , 52.31 (CH,,. ' 

1 ' (2 ' 3 -^o-lH-i a aoly l ,. 3M7 . Mthojfy . 5 . My{lla 

propanone (165) y; x 

« ammon.um acetat e solution (2 m L ) and the reaction fixture 

2 L A7 he solution was added 10% cd/pb ^ -i. 

72 mg, and the reaction was stirred for 90 minutes. The 
reaction was filtered and diluted with ethyl acetate (20 

rUT" 011 was with magnesium suiphate - the -~ 

removed in vacuo. The product as then purified by flash 
chromatography eluting with 5% methanol in dichloromethane to 

CDCI): 5 7 . 66 (d , 1H , ff = 458 CH=N, , 7.50 (s, arom. CH, , 

7.19 (m, 4H indolyl arora. CH) 6 Q1 i« 

y j-um. (s, in, arom. CH) . 4 48 (m 

H^OK 4 13-4.19 (m, 2H, indolyl CH ,, , 3 .91 (s, 3H, OCH^ ', 

3-88-3.44 (m, 3H, NCH, .indolyl CH,) , 3.02 (t, 2H, a = 6 6 Hz 

CH,CH,0,, 2.30-2.28 (m, 2H, NCH,), 2 17-2 OS ,™ 

„_ , ^- 17 2 ' 05 4H, NCH,CH,CH,) ; 

C NMR (CDCI,) : 5 168.31 (amide CO,, 164.61 (C0N) , ^ ' 

2 7s7 T'.T' 59 (C0CH3CH> '' 140 - 7 ° (ar ° m - 127 " 53 ' »«.». 

12 3.87 Undolyl arom. CH, , 120.44 (CCON) , 117.03 (indolyl arom. 
CH), 11.56 (arom. CH) , 110.61 (arom. CH) , 64.80 (COCHCH) 56 14 
KOCH,, 53.70 (NCH) , 46.69, 35.50, 29,0, 2^28 0 

(CH,), 24.19 (COCH,CH,). 
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Example 4(d) : 1, (2 , 3-dlhvdro-lg-2- i S oi nd oi v i } - 3 - (7^^-.- 

oxy ( llaS) -2.3,5, 11a- tetra hvdro- lff-benzo \ g] pvrrolo [ l f o - 

a] El > 4]dia2epin-8-vloxv)-l-p r opanon e (167) (see Plq uy ft 2fl) 




l-(2,3-dihydro-lH-2-isoindolyl)-3-(ll.hydroxy-7-methoxy-5-oxo- 
10- (2 , 2, 2-trichloroethyloxocarbonylamino) - (llaS) - 
2 , 3 , 5 , 1 0 , 11 , Ua-hexahydro-ltf-benzo [ e] pyrrolo [2,1- 
a] [l,4]diazepin-8-yloxy-l-propanone (166) 

To a solution of 159 (100 mg, 0.196 mmol) in DMF was added l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride. (44 mg, 
0.23 mmol) and 4- (dime thylamino) pyridine (5 mg, 0.04 mmol) and 
the solution stirred for Ih. To the reaction was added indoline 
(27.4 mg, 0.23 mmol) and the reaction stirred for a further 8h. 
The solvent was then removed in vacuo and the compound purified 
by flash chromatography eluting with 5% methanol in 
dichloromethane to give the product as a yellow oil (yield =75 
mg, 64%). Hl-NMR (CDC1 3 ) : 5 7.29-7.20 (m, 5H, isoindole arom. + 
arom.CH), 6.91 (s, 1H, arom CH) , 5.66 (d, 1H, J = 9.7 Hz, TrOC- 
CH a ) 5.30 (s, 1H, OH), 5.19 (d, 1H, J = 9.7 Hz, TrOC-CH 2 ) , 4.94 
<m, 2H, isoindolyl CH a ) , 4.79 (s, 2H, isoindolyl CH a ) , 4.38 (t, 
2H, J = 6.42 Hz, CH a CH a O), 4.25, (d, 1H, J = 11.91 Hz, Cll-H) , 
3.81-3.40 (2H, NCH a ), 3.03-2.85 (m, 2H, CH a CH,0) , 2.11-1.98 (m, 
4H, NCH^CHJ; "C-NMR (CDC1,) : 5 169.17 (CON), 167.02 (CON), 
154.27 (OCO), 149.91 (COCH,) , 148.64 (COCH a CH a ) , 136.19, 136.11 
(isoindolyl ring junction), 128.61, 127.88 (isoindolyl CH) , 
127.78 (arom. CN) , 127.58, (CCON) , 114.28 (arom. CH) , 110.54 
(arom. CH) , 95.09 (CC1 3 ) , 86.51 (NCHCHOH) , 74.98 (TrOC-CH a ) , 
65.21 (CH a CH a O), 60.23 (NCH) , 56.05 (OCH 3 ) , 52.14, 52.81 
(isoindolyl CH a ), 46.43, (NCH a ) , 34.31, 29.68, 28.60 (NxCH a ) , 
23.03 (CH a CH a O) ; FABMS m/z (relative intensity): = 612 (1), 596 
(1), 594 (1), 279 (1), 192 (1), 174 (8), 146 (5), 118 (13), 91 
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W). 55 (3). FABHHMS found compound minus OH i. e c H NOC1 
595.1044 L a7«a7N,0«Cl 3 = 



1. (2 .l-^ 0 - lB . 2 _ lB0iad0lyl) _ 3 _ (7 . JBeth< ^. 5 . oav(iia _ 
ylo3ty)-i-p ro panone (167) 

To a solution of 166 (75 mg, 0.122 mmol) in m n „ 
1 m am^^ • ™ F < 3 ""D was added 

1 M ammonium aoetate solution (2 mL, and the reacHnn • 
qfl v rfl o m LIie taction mixture 

•txrad. T„ the solution add « a m ca/pb 

« « »d the reaction „.a stima eot , 0 „ inu J £«' « ■ 

~ - »w „a wlth Khyl , oetate 

«- "lotion « ariea with ^esi- sulph , te ana the 
...ovoa „ „acoo. ne p „ anct tten -t 

elutin, with 5, TOtto noi in dichloromeehan(5 w 
" , " ' S ° Ud <y "» ■ «•« «>■ «3%) 'h 

CE|, 7.30 (., ,„, i„ dolyl „„.. ' 1H ' 

r m , /to (s ' lH ' arom. 

r ; • ■ " 6 59 ■• c<>cH • cH ' , ' 3 m ». «*.>. 

5H. J - 6.9 Hz, CH.CH.OI, 2.3 2 - 2 . 2 , ,„, 2 „, 

:n; ?■ 16 2 <con '' 15015 ^ »»•« 

140.52. ,.„.. ,„.,„, 12 , 56 ,, 3 oj 

Tu ™ 120 ' 3! lccc *"' 11152 • «• <««-,. 

' ^T" M ,00aW - <"■». »•«. 30.04. 

«-70. 34.22. 29.5, «*,,. 24.2, (C 0CH,CH,„ MS (EI), „,. 

(relative Intensity, , 419 or, 21), 416 (2), 425 (2) oaa mo, 

3« (3). 231 ,3). 274 ,4„ HKMS calcd. ,o r c , , , 

found 429.2821 ** " 4 19-2845, 
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Example 4(e) ; Synthesis of ( llaS) 8-(M-Q- 

f luorenylmethoxycarbonyl ) aminopropvl oxv- 7 -m R thoxv- 1 .2 f ^ f ii a - 
tetrahydro-5H-pyrrolor2,l-c1 ri.41hn n zodia ze pin- 5 -one (20*) (Se e 
Figure 26) 



5 Synthesis of N- ( tert-butoxycarbonyl) -3-hydroxypropylamine (196) 

A solution of (Boc) 2 0 (25.0 g, 114.5 xnraol) in anhydrous DCM (50 
mL) was added dropwise to a stirred solution of 3-amino-l- 
propanol (195) (7.8 g, 104.5 itunol) in anhydrous DCM (100 mL) , 
under a nitrogen atmosphere. The reaction mixture was allowed 

10 to stir for 12 hours, after which time TLC (50% pet-ether /EtOAc) 
revealed complete loss of starting material. The solution was 
diluted with Et a 0 (150 mL) and washed with phosphate buffer 0.5 
M, pH 5.4 (2 x 70 mL) , sat. aqueous NaHC0 3 (70 mL) , brine (2 x 
70 mL) and dried over MgS0 4 . Excess solvent was removed by 

15 evaporation under reduced pressure to give a viscous colourless 
oil (196) (18.3 g, 100%). *H NMR (270 MHz, CDC1,) : 6 1.44 (s, 
9H, CH,), 1.67 (m, 2H, H2') t 3.26 (q, 2H, J= 6.23 Hz, H3'), 
3.65 (dd, 2H, J= 5.86, 5.68 Hz, HI'), 3.78 (dt, 1H, J = 6.04, 
5.87 Hz, OH) , 5.18 (br, 1H, Nff) ; 13 C HMR (67.8 MHz, CDC1,) : 5 

20 28.4 (CH 3 ), 32.6 (C2'), 37.1 (C3'), 59.3 (CI'), 79.4 (C^) , 

157.1 (C=0); MS (E/I) m/z (relative intensity): 176 (M*\ 30), 
120 (100), 119 (31), 102 (49), 83 (33), 76 (67), 74 (36); HRMS 
(E/I) exact mass calcd for C fl H„0 3 N: m/e 175 .1200, obsd m/e 
175.1208; IR (Nujol 6 ) n: (cm" 1 ) 3355, 2976, 2936, 2878, 1810, 

25 1694, 1531, 1455, 1392, 1366, 1278, 1253, 1173, 1072, 996, 914, 
870, 781, 752, 638. 



Synthesis of Methyl 4- [N- ( tert-butoxycarbonyl ) J aminopropyloxy- 
3-methoxybenzoate (198) 

A solution of DEAD (18.3 g, 105.3 mmol) in freshly distilled THF 
(50 mL) was added dropwise to a mechanically stirred solution of 
triphenylphosphine (27.6 g, 105.3 mmol), methyl vanillate 197 
(19.2 g, 105.3 mmol), and Boc-amino-l-propanol (196) (18.4 g, 
105.3 mmol) in freshly distilled THF (250 mL) , at 0°C under a 
nitrogen atmosphere. After the DEAD was added the reaction 
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mixture was allowed to stir at T-n„m 

Stlr at room temperature overnight and 
the progress of the reaction was monitored by TLC (50% 
EtOAc/pet-ether, . The solvent was removed by evaporation under 
re u ced pressure and the residue was triturated 'with Etj O <3 00 
mL) to precipitate some of TPO and diethyl 

hydrazinedicarboxylate, which were removed by fi ltration The 
fx trate was washed with 1 „ agueous NaOH (150 mL, . H ,0 ( 2 x 150 
-W. >rine ,2 x 150 mL, and dried _ ^ . ^ «J^«« 
was removed by evaporation under reduced pressure and the crude 
Product ,198, was purified by column chromatography (80% pet 
ether/EtOAc, to afford a beige solid (30 g, 85 %, . „ . " 9 . 82 
°C; 'H-NMR (COC1,, 270 MHz, : 5 i. 46 (s , ^ # , 82 

2H, 3.38 < dd , 2H, J=5 .68, M 4 „ 2 3 . 90 (s » 

OCH,_,, 3.93 (s, 3H. OCH_, . 4 . 14 (t , 2H , J= 5 .J 'J"' 
«'). 5 58 (br, 1H , m , 6 . 86 < d , 1H , J= ^ ' 
1H. J= 1.83 Hz, a,, 7 .65 (dd, 1 H , 2 . 02 . 8 .4 2 Hz, H6, • 4- 

— (CDC1„ 68.7 MHz,: 5 28 .5 (<U ., . 29 . 2 3g , ' 

55 ' 8 (oaw) ' 68>1 (cl ' h 78 - 9 (c — >' 

«), 112.0 CC2), 122.84 lQ _>. 123 . 5 (C6) , 148 . 8 (c _, ^ ± 

(C_,, 156.1 ( NC =0), 166.8 <C=0); MS (E/I) m/z (relative 
inte„ sity): 339 (M ., n)( (i3)< <42) wi w 

(100,; HRMS (E/I, exact mass calcd for C„H„ N 0.: m/e 339.1682 
obsd,/e 339.1733; XR < Nuj ol>) n: (cm-, 3362, 2923, 2854, 1712 
1684, 1599, 1520, 1464, 1377, 1272, 1217, 1132, 1045, 1022 872 
780, 76 2 , 722 . ' 2 ' 



Synthesis of Methyl ^^nopropyW-S-^t^.,.^^^ 



The ester »8 (4.0 g, 11.8 mmol, was added in M 
a stirred solution of 70% hno, (2 mL acid/g of substrate) at 
room temperature and the reaction mixture was allowed to stir 
overnight. After 16 hours TLC (CHC1,) revealed the complete 
loss of starting material. The reaction mixture was cooled in 
an ice bath, and 15 g of iced water was added, precipitating the 
Produce The precipitate was collected by vacuum filtration and 
washed with small amount of iced water. The filtrate was cooled 
and a second crop of precipitate was collected by vacuum 
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filtration and washed with iced water. The combined precipitate 
was dried in vacuo to provide compound 199 as a yellow solid, 
which was not purified further, but used directly in the 
subsequent reaction (2.3 g, 70%). mp = 101-103 °C; *H-NMR 
5 (CDCl 3 /DMSO-d„ 270 MHz): 5 2.31 (m, 2H, H2 ' ) , 3.20 <br, 2H, 

A3'), 3.95 <s # 3H, OCtf 3 .^ t ) , 3.98 (s, 3H, OCH 3 .. t „) , 4.24 (t, 2H, 
J =5.95 Hz, HI'), 7.11 ( S/ 1H, H6) , 7.49 (s, .1H, H3), 8.21 ( S/ 
3H, NH); "C-NMR (CDC1 3/ 68.7 MHz) : 6 26.5 <C2<), 37.0 (C3'), 
53.0 (OCH^), 56.0 (OCH,.^) , 66.7 (CI'), 108.3 (C3), 111.0 

10 <C6), 121.6 <C_J, 140.9 (C2), 149.3 (C mm ) , 152.6 (C AZXn ) , 166.8 
(C=0) ; MS (E/I) m/z (relative intensity): 284 (M*\ 90), 237 
(70), 227 (93), 196 (47), 181 (38), 137 (100), 122 (81), 93 
(52), 79 (44); HRMS (E/I) exact mass calcd for C„H 17 N a 0 6 : m/e 
284.1008, obsd m/e 284.1018; IR (Nujol 6 ) n: (cm" 1 ) 3472, 2937, 

15 2911, 2855, 1733, 1532, 1516, 1462, 1377, 1292, 1224, 1143, 
1052, 884, 812, 792, 773, 756, 724, 646. 

Synthesis of Methyl 4-(N-9- 

f luorenylmethoxycarbonyl ) aminopropyloxy- 

5-metho*y-2-nitrobenzoic acid (200) 

20 A solution of 199 (3.9 g, 11.2 mmol) and KOH (1.9 g, 33.4 mmol) 
in aqueous methanol (77 mL, MeOH; 15 mL, H 2 0) was heated at 
reflux for 90 minutes. At which time TLC (EtOAc /MeOH/ TEA 
100:10:1) revealed complete consumption of starting material. 
Excess MeOH was removed by evaporation under reduced pressure 

25 and the concentrate diluted with H a O (20 mL) . The aqueous 

solution was neutralised with cone. HC1, diluted with THF (100 
mL) and sodium carbonate (2.9 g, 27.9 mmol) was added to adjust 
the solution to pH 9. Fluor enylme thy 1 chlorof ormate (3.0 g, 11.6 
mmol) was added portionwise over 30 minutes to the basic 

30 solution and the reaction mixture was allowed to stir for 12 
hours. Excess THF was removed by evaporation under reduced 
pressure and the aqueous fraction was extracted with EtOAc (3 x 
100 mL) to remove excess f luorenylmethyl chloro formate and 
related by-products. The aqueous layer was then acidified with 

35 cone. HC1 and extracted again with EtOAc (3 x 100 mL) . The 
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organxc phase was washed with h 3 o (2 x 100 tt) . brine (10Q 

dried over MgSO., ana excess solvent was removed by evaporact n 
under re , uced pregsure fco affor<j ^ a beige ~.U- 

not purged further , but used directly ^ 

reaction (4.7 g, 86%). np = 145.14600 lu ^ , 

8 1 81 r. » (CDC1 " 270 M" 2 )-- 

1.81 (», 2H, fl2<>, 3.43 («. 2H, 3.78 (s. 3H OCtf, 

4-08-4.23 3H, HI ' ♦ CIi) , 4 . 4g 2H ' ^ ' 

5.70 <br, 1H, N H>, 7 . 14 (s , lH< W) # ^ 

Tn 1+ H 2 ^ 7 - 59 / d ' J ™--c^,7,4 
- 7.15 Hz, Fmoc^,. 9.62 (s , lH , ^ ; 

"*■■».. (^,,39.1 (a , )>47 . 2 56 . 4 0 "; ? 

66-3 ,CH, F moc), 68.5 (a-,, 107.9 (C3)< Ul.l 
124.9, 127.1 and 127.7 <CH Btnoc^) , 128 . 0 (c _ )( ^ 
"1.3 CC^,. 143.8 (CPmoc^,. 148.2 (d) , 15 7 
156.8 , NC= 0, 171, tawt MS (FAB) m/2 (relative intensi ( tyT ' 
«3 (IT ♦ 1, 3), 297 ,6). 271 (4). 191 (18 ), 180 (21) . „/ 
(IOC. 178 (67), 165 (30,. 102 (17), 93 (13) ; J ^ l act 
mass calcd for C, t H S! N,0. (M+H, : m/e 493.1532, obsd m/e 493 1536- 

r m2 ' i535 ' - - 



Synthesis of (2S)-W-[4-(N-9- 

f luorenylmethoxycarbonyl ) aminopropyloay- 

5-«ethoxy-2-nltroben 2 oyl) lpyrrolidine-2 -methanol (201, 

A catalytic amount of DMF (2 drops, was added to a solution of 
he nxtrobenzoic acid 200 (8.0 9 , i 6 , M) and oxalyl chloride 
u.J g, 17.9 mmol) i n anhydrous DCM (120 mL) , at room 
temperature under a nitrogen atmosphere. The reac tion mixture 
was strrred for 16 hours and the resulting solution of acid 
chloride was cooled to 0°C (ice/acetone, under a nitrogen 
atmosphere. A solution of pyrrolidinemethanol (1.8 g, 17 9 
mmol) and DIPEA (4 6 a ni mr«~-M 

. ' 9 ' 35 * 7? mmol) in anhydrous DCM (40 mL) was 

added dropwise over 30 minutes. Once th* 

. unce the addition was complete, 

the reaction mixture was allowed to warm to room temperature 

5 7ZT continued for a further 2 hours ' at which ™ 

(95% EtOAc/MeOH) revealed complete reaction. The reaction 
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mixture was washed with 1 N aqueous HC1 (2 x 100 mL) , H 3 0 (2 x 
100 mL), brine (100 mL) , and dried over MgS0 4 . Excess solvent 
was removed by evaporation under reduced pressure to afford the 
crude compound as a brown oil. Purification by flash column 
chromatography (99% CHCl 3 /MeOH) afforded 201 as a beige solid 
(5.6 g, 82%). (a]"„ = -53. 3° (c = 1.03, CHC1,) ; mp = 78-81 °C; 
^-NMR (CDClj, 270 MHz): 5 1.69-1.88 (in, 4H, H4 + H3), 2.04-2.12 
(m, 2H, H2<), 3.16 (m, 2H, H3 ' ) , 3.45 (m, 2H,'H5), 3.81 (s, 3H, 
OCH 3 ), 3.86-3.91 (m, 2H, Ctf 2 -OH) , 4.08-4.24 (m, 3H, HI ' + Fmoc 
CH) , 4.38-4.48 (m, 3H, H2 + Fmoc Ctf 2 ) , 5.65 (br, 1H, NH) , 6.78 
(s, 1H, HS^), 7.27-7.42 (m, 5H, HI M + Fmoc^) , 7.61 (d, 2H r 
J= 7.32 Hz, Fmoc #ryl ), 7.76 (d, 2H, J= 7.32 Hz, Fmoc^) ; "C-NMR 
(CDC1 3 , 68.7 MHz): 5 24.4 (C4) , 28.4 (C3), 28.9 (C2'), 39.1 
(C3'), 47.3 (CHFmoc), 49.5 (C5), 56.6 (OCH 3 ) , 60.4 (C2), 61.5 
(CH,-0H), 66.2 (CH 2 Fmoc), 68.5 (CI'), 108.0 (C3„<J f 108.9 
(06^), 120.0, 124.9, 127.0 and 127.7 (CH Fmoc atyl ) , 128.0 (C^J , 
137.0 (C^J, 141.3 (C Fmo Cuyl ), 143.9 (C Fmoc^l) , 148.2 (C ra ) , 
154.7 (C^), 156.5 (NC=O cmrb _ t J ( 171.2 (0=0^); MS (FAB) m/z 
(relative intensity): 576 (M** + 1, 32), 191 (18), 179 (100), 165 
(25), 102 (33); HRMS (FAB) exact mass calcd for C 31 H 34 N 3 O e (M+H) : 
m/e 576.2268 obsd m/e 576.2257; IR (Nujol 6 ) n: (cm* 1 ) 2626, 1714, 
1615, 1576, 1520, 1452, 1434, 1333, 1276, 1218, 1147, 1059, 869, 
818, 759, 742. 



Synthesis of (2S) -N- [4- (N-9-fluorenylmethoxycarbonyl) amino 
propyl oxy- 5 -methoxy- 2 -aminobenzoyl 1 pyrrolidine- 2 -methanol (202) 

A mixture of the nitro compound 201 (5.5 g, 9.5 mmol) and 
SnCl 2 /2H a O (10.2 g, 45.4 mmol) in MeOH (100 mL) was heated at 
reflux and the progress of the reaction monitoring by TLC (95% 
CHCl 3 /MeOH) . After 2 hours excess MeOH was removed by 
evaporation under reduced pressure, the resulting residue was 
cooled (ice), and treated carefully with sat. aqueous NaHC0 3 
(170 mL) . The reaction mixture was diluted with EtOAc (170 mL) 
and after 16 hours stirring at room temperature the inorganic 
precipitate was removed by filtration through Celite. The 
organic layer was separated, washed with brine (150 mL) , dried 
over MgSO<, filtered and evaporated in vacuo to give a brown 
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CHCVMeOH, afforded the pure amine 202 as a arevi.h • „ 

(4.3 g. 82%,. ta ,H = . 78<60 & " & , 9reyiSh " Plnk SOlid 

— (CDC1 J( 270 MHz, - 6 1 68 8S , \ ' * = < 3 - 86 ° C; 

<m ,„ , ^"-l.BS <m, 4H, « + «), 2.00-2.04 

3.67 (s, 3H, OCtf 3 J, 3.72-3.78 <m 2H CM nm „ n , 
5.58 Hz, HI',, 4.22 (t 1H T - « o* - = 
3H « _ ' ' 1H ' J= 6 - 86 Hz, hoc.CBI, 4.41-4.44 (. 

3H, *2 + moc c*>, 5.92 (br, 1H , NH) , 6 . 23 (s, 1H H3 , 71 

7.75 (d, 2H, „ . 7.33 Hz, ^ , "c-KMH (COC 
8.7 MHz,: 8 24.9 (C 4, . 28.6 (C3> , 29.! {C2) . 39 47' 
(CHmoc,, 51.0 (C5,, 56.6 ,OCH 3 , , 60 .4 ,C2, , 61 , ^ * " 

^^; «.o -,.102.0 (^. 1 n.. i ^. < Sr' W ' 4 

125.1, 127.0 and 127.7 (CH Fmoc^, , 128 . 0 ( c_, , 137 8 (c , 
"1.3 ,0^,, 144.0 (CBwUl 148.2 { £ 150 8 C ' 

-tensxty,: 546 ,M*" + 1, 445 ,10, , 191 (14)< „, ' 

(5D. 102 (70,,- HHHS (FAB, exact calcd for j^^ H) ^ 

546.2526 obsd m/e 546.2532,- X R (Nujol , n: ( J. » ^ 22 
1588, 1506, 1476, 1404, 1228, 1173. ' 

Synthesis of (2S)-tf-[4-(N-9_ 

fluorenytoetho^caxbonylJaminopropylo^-S-^t^.^^^ , , 
trichloroetbylo^^ 

A solution of the amine 202 ,1.! g , 2 . 0 M) DCM 

cooled to 0=C (ice/acetone bath, and treated with pyridine 0 

»*. 0.3 g, 4.1 mmol,. a solution of trichloroethyl 

chloroformate (0.27 mL, 0 41 o 1 q > • 

. °" 41 9' 1-9 "OD w DCM (10 mL, was 

added dropwxse over 30 minutes to the stirred mixture The 
reaction mixture was allowed to warm to room temperature and 
starred for a further 3 hours, at which time TLC (EtOAc, 
revealed complete loss of starting material. The reaction 
-ture was washed with 1 N HC1 solution ,50 mL, , H ,0 ,2 x 50 
-W. brxne (50 mL, , dried over MgSC,, filtered and evaporated in 
vacuo. The crude residue was purif iea by flash column 
chromatography (98% CHCVMeOH) to afford the pure 
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trichloroethyl-carbamate 203 as a brown solid (1.1 g, 74%). 
[or]". = -35.7° {c = 0-87| CHCl3); ^ = 54 ^ 57 o C; ijj.^ (CDC1 ^ 

270 MHz): 5 1.73-1.89 <m, 2H, H4) , 2.00-2.04 (m, 2H/ HZ'), 2.18 
(m, 2H, H3), 3.44-3.54 (m, 4H, *3 ' + H5) , 3.72 (s, 3H, OCH 3 ) , 
3.81-3.90 <m, 2H, CH2-OH) , 4.14-4.25 (m f 3H, Hl' + Fmoc CH)1 ' 
4.43-4.45 (m, 3H, Fmoc CH 3 + H2), 4.76 (d, 1H, J = 12.00 Hz, Troc 
CH a ), 4.83 (d # 1H, J = 12.00 Hz, Troc Ctf a ) , 5.89 (br, 1H, Fmoc 
NH), 6.82 (s, l Hf H6„), 7.26-7.41 (m, 4H, Fmoc^ x ) , 7.62 <d, 
2H, J= 7.33 Hz, Fmo Caiyl ), 7,69 (s ( 1H, *3 arQ J , 7.75 (d, 2H, J = 
7.51 Hz, Fmoc^), 9.06 (br s, 1H, Troc NH) ; "C-NMR (CDC1 3 , 68.7 
MHz): 5 25.0 (C4) , 28.2 (C3) , 28.9 (C2'), 39.5 (C3') # 47.3 (CH 
Fmoc), 51.4 (C5), 56.1 (0CH 3 ) , 60.8 (C2) , 66.0 (CH2-OH) , 66.3 
(CH a Fmoc), 68.2 (CI'), 74.4 (CH, Troc), 95.3 (C^) , 105.6 
(C3™), 110.7 (Ce^J, 120.0, 125.1, 127.0 and 127.7 (C-H^ 
Fmoc), 130.7 (C ra ), 141.3 (C^ Fmoc), 144.0 (C^ Fmoc), T44.5 
(C are J, 150.0 (C^J, 152.1 (NC=O wbwt . Troc), 156.5 (NC±0 O4rb _ t . 
Fmoc), 170.4 (NC=0^) ; MS (FAB) m/z (relative intensity): 720 
(M- + 1, 2), 275 (4), 192 (29), 179 (100), 166 (13), 102 (48), 
70 (10); IR (Nujol 6 ) n: (cm' 1 ) 3338, 1742, 1714, 1599, 1520, 
1464, 1378, 1215, 1170, 1119, 1024, 817, 759, 740. 



Synthesis of (115, llafi')-10-N-2 # 2 / 2~trichloroethyloxycarbonyl- 
11 -hydroxy- 8- (N-9-f luorenylmethoxycarbonyl ) aminopropyloxy-7- 
roethoxy-1, 2,3,6,9, 11a- hexahy dr o - 5 H-pyrr o 1 o [2,1- 
c] [1,4] benzodiazepine 5-one (204) 

All glassware, needles and cannulae used for this procedure had 
been previously dried overnight in an oven, and were assembled 
while still warm and the enclosed vessel flooded with nitrogen 
and evacuated three times. Freshly distilled DCM (6.6 mL) was 
transferred to the reaction vessel and the temperature lowered 
to -45°C (dry ice/ CH 3 CN) under a nitrogen atmosphere. Oxalyl 
chloride (1.0 mL of a 2 M solution in DCM, 2.0 mmol) was 
transferred to the reaction vessel, followed by the dropwise 
addition over 30 minutes of anhydrous DMSO (0.3 mL, 0.3 g, 3.9 
mmol) in dry DCM (4.2 mL) . After stirring at -45°C for 30 
minutes, a solution of the alcohol 203 (0.79 g, 1.1 mmol) 
dissolved in dry DCM (6.6 mL) was added dropwise over 50 
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10 



minutes. The reaction mixture was allowed to stir at -4 5 o C for 
45 nunutes, the mixture was then treated dropwise with DIPEA 
(1-9 mi, 1.4 g, 10.8 mmol) in dry DCM (4.2 mL) over 30 minutes 
at -45°c After 35 minutes. TLC ( 97 % CHCVMeOH) revealed 
complete consumption of starting material. The reaction mixture 
was allowed to warm to room temperature, diluted with dcm (30 
■*). washed with 1 N HC1 solution ,30 mL) , H,0. (30 mL, , brine 
(40 mL>, dried over MgS0 4 , filtered and evaporated in vacuo 
Purification by flash column chromatography (97% CHCl 3 /MeOH) 
furnished the protected carbinolamine 204 as a brown solid (0 48 
«. 78%,. [«,», = +62 . 3 o (c = 0 . 83( CHClj); mp = ^ l H-HMR 
(CDC1„ 270 MHz, 5 2.00-2.17 (m. 6H, H2 ♦ H2< + HI), 3 43-3 60 
(». 3H, «3. + fllla), 3.66-3.73 (m, 2H, «>. 3.78 < s , 3H , OCH,, , 
4-20-4.32 (m, 4H, HI ' Fmoc CH ♦ 1H Troc CH,) , 4.44 (d, 2H. .7 - 
6.78 Hz, Fmoc CH,) , 5.25 (d, 1H, J = i 2 . 00 Hz, Troc CH, ) . 5 65 
(d 1H, j- ,. 71 Hz, «U), 5.87 (br, 1„, 6 . 82 ( . # ^ „ 6) 

7.23-7.41 (m, 5H, H9 + Fmoc^) , 7.61 (d, 2H, J = 7 32 Hz 
*«XW>. 7.75 (d, 2H, J = 7.51 Hz, Fmoc^, , "c-HMR (CDC1,, 68 7 
**> 5 23.0 ,C2). 28.6 (CI) , 29.0 («.,, 39 .5 («•). 46.4 (C3, 
47.3 (CH Rnoc,, 56.0 (OCH,, , 60.0 (Clla, , 66.4 (CH, Fmoc,, 68 3 ' 
(CI',, 74.9 (CH, Troc), 86.4 (Cll), 95.1 (c wt ), 110.5 (C6) 
H3.8 (C9), 120.0, 125.1, 127.0 and 127.7 (C-H^ Rnoc, , 128.8 
(C_). 130.9 (C_), 141.3 (C^ Fmoc), 143.9 ( Cuyl Fmoc,, 148 8 
<C_>, 149.9 ,C TO ), 154.4 (NC=0„_ t . Troc, , 156.6 (N^ 
25 Fmoc), 167.0 (C4_, , „s (FAB) m/z (relative intensity, - 702 

(6). 275 (3,, 192 (16), 179 (100), 165 (18), 102 (21), 70 (15,- 
IR (Nujol', n: (cm-, 3383, 2970. 2946, 2880, 2844, 1713, 1602 ' 
1513, 1464, 1377, 1218, 1034, 908, 723, 645. 



15 



20 



30 



35 



Synthesis ot (llaS) 8-(N-9- 

fluorenylmethoKycarbotvlJaminopropylo^^-methoxF-i^^aia- 
tetrahyaro-5H- P yrrolo[2,l-c] [l,4)be»zodiazepin-5-oae (205) 

Yellow lead (n, oxide (500 mg, 2.24 mmol) was dissolved in 50% 
aqueous acetic acid (5 mL) and the solution added slowly to a 
vigorously stirred suspension of cadmium dust (2.5 g, 22.4 mmol) 
in de-ionised H,0 (10 mL) . The cadmium darkened as lead 
deposited on the surface and the clumps were broken up 
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carefully. After 20 minutes, the solid couple was filtered 
under vacuum, washed with H,0 and acetone and dried in vacuc 
The lumps were crushed and stored in a closed vial. 



The cadmium/lead couple (0.62 g, equiv. 0.56 g, 4.94 mmol Cd) 
was added in one portion to a solution of the Troc protected 
carbinolamine 204 (0.71 g, 0.99 mmol) and ammonium acetate (1.0 
M, 9 mL) in THF (9 mL) at room temperature. The reaction 
mixture was stirred for 4 hours, during which time the reaction 
mixture became cloudy and opaque with a fluffy white 
precipitate. When reaction was complete as indicated by TLC 
(95% CHCl,/MeOH), the solids were removed by filtration through 
Celite, and the THF removed by evaporation under reduced 
pressure. The filter cake was washed with several aliquots of 
EtOAc . The aqueous layer was extracted with EtOAc (3 x 15 mL) , 
and the organic phase was dried over MgS0 4/ filtered and 
evaporated in vacuo. Purification by flash column 
chromatography (97% CHCl 3 /MeOH) furnished the target .compound 
205 as a brown solid (0.47 g, 90%) which was repeatedly 
evaporated in vacuo with CHC1, in order to obtain the N10-C11 
imine form of the compound. [cx] ao D = +385.1° (c = 0.47, CHC1 3 ) ; 
mp = 73-76°C; l H-NMR (CDC1,, 270 MHz) : 5 2.04-2.06 (m, 4H, H2 
+H1), 2.27-2.29 (m, 2H, H2 ' ) , 3.45-3.47 (m, 2H, H3 ' ) , 3.67-3.73 
(m, 2H, H3), 3.80 (s, 3H, OCtf 3 ) , ) , 3.84-4.23 (m, 4H, fllla + HI' 
+ Fmoc Ctf), 4.43-4.46 (m, 2H, Fmoc CH 2 ) , 5.92 (br, 1H, Ntf) , 6.82 
(s, 1H, H6), 7.29-7.41 (m, 4H, Fmoc^) , 7.5 (s, 1H, H9), 7.61 
(d, 2H, J = 7.14 Hz, Fmoc^J, 7.67 (d, 1H, J = 4.40 Hz, Hll^) , 
7.75 (d, 2H, J = 7.33 Hz, Fmoc^J ; n C-NMR (CDC1„ 68.7 MHz): 5 
22.3 (C2), 29.3 (CI), 29.6 (C2'), 39.6 (C3'), 46.7 (C3), 47.4 
(CHFmoc), 53.7 (OCH,) , 56.0 (Clla) , 66.3 (CH a Fmoc), 68.3 (CI'); 
110,2. ±C£U ill+A i£2J^. 120.0 <C-H mtyl Fmoc), 120.5 (C mro J , 125.1, 
127.0, and 127.7 (C-H^ Fmoc) , 140.6 (C m ) , 141.3 (C mryl Fmoc) , 
144.0 (C^ Fmoc), 147.7 (C mro J , 150.3 (C TO ) , 156.6 (NC=O oart _ t J , 
162.5 (Cll), 164.5 (04^.); MS (FAB) m/z (relative intensity): 
526 {W + 1, 15), 348 (7), 330 (4), 304 (4), 247 (12), 191 
(15), 179 (100), 165 (17), 102 (40), 91 (10), 70 (13); HUMS 
(FAB) exact mass calcd for C 31 H„N 3 0 5 (M+H) : m/e 526.2264 obsd m/e 
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526.2198; IR ( Nujol *, n; ( 

1427, 1261 , 1217 , 1023< 759> 74o< 599 1729 ' " 9 °< l-l. 1509, 

Exa,npleR 5-£a_£_j aagfeaaj. i 

HCI in vitro Cytotoxicity studies 

The National Cancer Institute ( NC i, , Bethesda> Maryland M „ 
avarice an in Wtro cytotoxicity screen wnicn Z ^ f ^ 
approximately 60 human cutout cell n„». 0£ 

» 4. hour „„ ti „ e ; : ; :ir di,tei " s 

- v^„ ty or _ h is ^ Kl ~ = - 
-Method 

r:r: 8 ;™ ~ ~ a — -«» «• — 

- -u h, _ r;:::;:r~:r:;'rTr 

~o„s were ,« oralng to the wcticn » 

« the expeetea tarset „ n ^ , ^ 

«LI «^.u „ C rotitre pUtes ^ 

period o< » hour, « 3 ,. c for stabUisa ~; d 

^ at o.ice t he iate^o „ st c<mcentt . Uon ^ ^ 

°" zero •» "0 «, aliquots to the walla Th» , . 

T elated « £iv e 10 - M a ,«:„, ' ? ™ 

5% CO, aaroapha^ a „d 100% humidity. Th . „ Us 

aaaayad usino tha aulpho.hodamia. B as„ y A ~" 

r * «. the optical taitl „ „ a a^^^IL 



The results presented in examples 5 to 8 are LC v»i 
cytotoxicity and non-cytotoxicity. between 
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NCI Hollow Fibre Assay for Preliminary Xn vivo Testing 

The Biological testing Branch of the Developmental Therapeutics 
Program of the NCI has adopted a preliminary in vivo screening 
tool for assessing the potential anticancer activity of 
compounds identified by the large scale in vitro cell screen. 
For these assays, human tumour cells are cultivated in 
polyvinylidene (PVDF) hollow fibres, and a sample of each cell 
line is implanted into each of two physiologic compartments 
(intraperitoneal and subcutaneaous ) in mice. Each test mouse 
received a total of 6 fibres (3 intraperitoneal^ and 3 
subcutaneously) representing 3 distinct cancer cell lines. 
These mice are treated with potential antitumour compounds at 
each of 2 test doses by the intraperitoneal route using a QD x 4 
treatment schedule. Vehicle controls consist of 6 mice 
15 receiving the compound diluent only. The fibre cultures are 

collected on the day following the last day of treatment. To 
assess anticancer effects, the viable cell mass is determined 
for each of the cell lines using a formazyn dye (MTT) conversion 
assay. From this, the %T/C can be calculated using the average 
20 optical density of compound treated samples divided by the 

average optical; density of the vehicle controls, in addition, 
the net increase in cell mass can be determined for each sample, 
as a sample of fibre cultures are assessed for viable cell mass 
on the day of implantation into mice. Thus, the cytostatic and 
25 cytocidal capacities of the test compound can be assessed. 



Generally, each compound is tested against a minimum of 12 human 
cancer cell lines. This represents a total of 4 experiments 
since each experiment contains 3 cell lines. The data are 
reported as %T/C for each of the 2 compound doses against each 
of the cell lines with separate values calculated for the 
intraperitoneal and subcutaneous samples. 

Compounds are selected for further in vivo testing in standard 
subcutaneous xenograft models on the basis of several hollow 
fibre assay criteria. These include: (1) a %T/C of 50 or less 
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in 10 of the 48 possible t-o<=h 

possioie test combinations (12 cell lines X 2 

sxtes X 2 compound doses); (2) activity at a distance 
(intraperitoneal drug/subcutaneous culture, in a minimum of 4 of 
the 24 possible combinations; and/or (3, a net ell kill of x 0 
~ of the cell lines in either implant site. To simpHfy " 

~:;'of a r:™ n r adopted which — — 

cne activity of a given compound. For this a 

value of 2 is assigned for each compound dose which results in a 

50% or greater reduction in viable cell n,ass. The 

intraperitoneal and subcutaneous samples ^ 

Qn ■ ■ samples are scored separately 

so that criteria (1) an d (2) can be evaluai--. „ 

u. „ evaluated. Compounds with a 

combined IP + SC score of 20 , . sc score Qf & ^ & 

f one or more cell lines are referred for xenograft testing. 
This comparison indicated that there was a very low probability 
of missing an active compound if the hollow f ibre assay was J, 
as the initial „ vivo screening tool. In addition tQ these 
criteria, other factors (e.g. unigue structure, mechanism of 
action, may result in referral of a compound for xenograft 
testing without the compound meeting these criteria. 

MCI Human Xenograft Studies 

These are carried out on nucle athymic mice with a disabled 
immune system. The human tumour tissue to be tested is 
planted in their flanks, and whilst the control mouse receives 
no treatment, the others are subjected to varying doses of the 
test compound, which is administered intraperitoneal^ The 
results are expressed as the toxicity of the compound, the 
■ amount of tumour growth, and the inhibition of growth. 

Example 5 , m Vitro Cvf.oto^ H tv o f -~ r , „ , 

Some of the compounds synthesised in example 1, were subjected 
to the NCI In Vitro Cytotoxicity study. The results <LC H ;*M, 
are set out below, and are illustrated in Figure 29 
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Colon 



CNS 
Melanoma 



Renal 



Breast 



NCI-H522 
COLO 205 



HCC-2998 
HCT-116 



KM12 



SNB-75 
MALME-3M 



Ml 4 



SK-MEL-2 
UACC-6 2 
786-0 



RXF 393 
MDA-MB-435 



1.4 



5.2 



9.5 



6.0 
0.7 



0.7 



5.2 



5.1 



7.6 



0.8 



3.1 



0.8 
1.1 



2.7 



0.5 
3.0 



4.0 



4.7 



3.5 



0.8 
0.8 



Of the compounds tested, the above showed cytotoxicity against 
human lung, colon, CNS, melanoma, renal and breast cancer cell 
lines. Replacing the c-8 benzyloxy group in UP2003 (24) with a 
methoxy substituent (UP2065, 42) significantly changed the 
cytoxicity profile, activity was lost against lung, CNS, and 
colon cancer cell lines (only reduced activity against Colo 205 
remained). However, additional cytotoxic activity was gained 
against the melanoma cell lines SKMEL-2 and MALME-3M, the renal 
cell line RXF-393 and the breast cell line MDA-MB-435. 
Reduction of the ester moiety in UP2003 (24) to afford the 
alcohol UP2052 (33, resulted in increased activity in the lung 
cancer cell line NCI-460 and the colon cell line HCC-2998 
Additional activity was registered against the lung cell line 
NCI-H522, the colon cell line HCT-116, the melanoma cell line 
M14 and the renal cancer cell line 786-0. Interestingly, the 
acetylated analogue UP2051 (31) exhibited attenuated or 
abolished activity in these cell lines (e.g. 7.6^ verses 0.5 m 
for UP2052 in the melanoma SK-MEL-2 cell line. 
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"> th. NCI x„ wt „ cytotoxic** s " T 2 ' **>"™> 

tumour cell-l: 

i designation 




Of the compounds tested, the above listed exert th ■ 
e«ect (L C,, m0 st strongly in the Lung , ^ ^ ~< 
Henal and Breast cell line panels. wL n 2 elan0ma ' 
apparent that exchanging a C-8 ben T *' ' ^ 

70) for a „.«. benzyloxy substituent (UP2004, 

for a methoxy group (UP2064; re increaaed ' 

act 1Vlt y in the Melanoma panel The meHl lncrea ^d 
-ent and acts against a ^ ~ 

« oxy analogue also exhibits improved activ st £ 

colon cancer cell line Colo 205 and in . against the 

««« .cuv ity J , 1™;: 

noxy a ring with an iodo substituted 
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aromatic ring (UP2023, 64) resulted in slight attenuation of 
activity in some cell lines, but the analogue showed activity 
against a wider spread of cell lines (i.e. 5 melanoma cell lines 
agarnst only 3 for the benzyloxy analogue,, changing the nature 
of the C-nng ex-unsaturation from an alkene to a ketone 
(OP2067, 172, lead to additional activity against the breast 
cancer cell line MDA-MB-435, renal cell line rxf-393 the 
melanomas MALME-3M, M14, SKMEL-28, the CNS cancers SF-539 and 
SNB-75 and against the lung cell line NCI-H522. 

The PBD dimer UP2001 (80) exhibited potent and selective 
cytoxicity activity against the lung cancer cell line NC1 -H460 
the colon cell line HCC-2998. the CNS cancer cell line SNB-75 
and the melanoma cell lines MALME-3M (very potent. 0.08 m and 
UACC-62 (very potent, 0.07 ^M), which may be attributable to its 
ability to cross link DNA. 



Example 6(b) : Hollow Fibre Bbp . v Qn g „ ^ tt 

Two of the compounds tested underwent the NCI Hollow Fibre 
Assay, and the results are presented below. 





! UP2001 (80) 


! UP2004 (70) 


IP score 


40 


8 


SC score 


14 


10 


Total score 


54 


18 "1 


Cell Kill 1 


Y 


N 



UP2001 (80) and UP2004 (70, were subjected to the NCI Hollow 
Fibre assay described above. UP2001 has been selected for 
xenograft studies based on its combined IP + Sc score (54, which 
was greatly in excess of 20, and its SC score which was higher 
than 8. UP2004 has been selected on the basis of its SC score, 
it being higher than 8. 



Example 6(c) , Human Xenograft Studies 25 - o mpound 80 m gOOjl 

Human tumour xenograft studies on UP2O01 were performed by the 
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Biological Testing Branch of the NCI a<3 * • 

6 "CI as described above. 

Athymic nude mice bearing mda-MB 435 

t— .1. Ovc.r-3 a— ovarian Cm TlZVT n " a ™ a ' Y 
aura.) or ovcar-5 (hu.™ ovari.„ , 

of 0.67 ,hia W „T, IT ' "*™ ' rMM « 

„„/,. • ttttddl.) and 0.3 (low 

""■"»'«''• slven once every 4th _ ' 

<« — per dose ievu » ith 2 ,I»L1k ° £ 3 *~ 

UP2001 ,80, „„ ev , luate( , . 

- •« aiuty „ ret « d tmonr gr ^ h th ' «» « a- dm. 




Toxicity represents the number of nice which „■ , 
treatment. w/c rear.,.,,,.. t u M " S * " sult ° f 

•test- nice (TieTZT , " iath t "" < "'" '» "» 

-treated JI .C, .T ""^ * 

— ~ h i™ r -• • — ■ 

- _ to reach en ^ ZTT^ ^ 

- Popei.tio,' " aL onTl.rr ^ * » 

- reach tumour .nee of 25 0 n „ 3 \ ^ ^ «*» 
to».rae the hosts observed seen . t *~ *— * 

- 7, of t ir^vn r: h in tr - tea 

dose the v.loe „. m 1 \ ™ x*" 1 '"™. At the 

treated nice « " ^ e f £ *" ** — 

« size of the control tumours. 
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At the high dose a 73% growth delay i„ reaching . tumQUr mass Qf 

250 mg was observed. No mice died as a result of exposure to 
UP2001 (80). 

A similar dose response for tumour growth was observed in the 
UACC-62 xenografts for UP2001 (80). At the high dose treated 
tumours were 22% of the size of the control tumours. At the 
medium dose treated tumours were 28% of the size of the control 
tumours and at the low dose treated tumours were 67% of the size 
of the control tumours. Again no mice died as a result of 
exposure to UP2001 (80). 

Results for the human ovarian tumour OVCAR-5 were less clear 
cut; approximately 50% tumour size reduction was observed and 
some growth delay was observed but activity appeared to be 
higher at lower concentrations. However, again, mice died as a 
result of exposure to UP2001 (80) . 



UP2001 (80) was also evaluated against the human CNS tumour SF- 
295. Athymic nude mice bearing SF-295 were treated at doses of 
0.40, 0.27 and 0.18 mg/Kg by injection given intravenously once 
daily for a total of 5 doses. 



Toxicity 






High 1 Med [ Low : 
"276 |l/6 |2/6 


High 
0% 


1 Me d 
I 0% 


1 Low 
1 0% 


High 
4/4 


-x-umour Free 

1 Med | Low 
1 5/5 fT74 



UP2001 (80) displayed curative properties against SF-295 
xenografts. At high and medium doses all the surviving mice were 
tumour free on day 27 of the experiment. At the lower dose 3 out 
of 4 mice were tumour free on day 27. Some toxicity was 
associated with the treatment, 2 mice dying at the high dose, 1 at 
the medium dose and two at the low dose. The higher intensities 
of the injection schedule may be reflected in the higher mortality 
observed. 
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Example n , m v1t . cvtotoxl, li » nf „ 

~ " ~ toxicity of coam ^„ r| . 

All of the compounds synthesised in examnlo 7 




™. C-7-p h8 „ yl substituted e „ vmd up2026 (u<) ^ 

^:» city T inst ceu " ms in h ™- 

™» a. „ leOTle was iMccive in - -a* 

. ,l3 " * CtiVe a " inSt - ' 

»« th. „«!„„, p „ el . Incluslon of a ^ 
atyl „o let y <„„ resultea ln ^ 

ct» 10l t y „„ only observM in ae lung 

intrcauctxon of . „i tro grollp « c7 ^ • 

cytotoxic activity, ho-oveo. it seems u k e ly th „ t „ civity 
b. once th. nitn, 3 „«p is reaucea „ „ ^ 

-» «»«. (U.) s,i s „t P „v. to ta . M . £ul B ^ g wl h th " 
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potential use in treating large hypoxic tumours. The C8 amino 
substituted PBD (UP2028, 151) showed good activity in the lung 
colon. CNS. melanoma, renal and breast cell line panels, on the 
other hand the trimethoxy PBD (UP2068, 96) was only active in 
the lung, melanoma, renal and breast cell line panels 



Example 8 : m vitro cyt.ofo^ Hl-y of coggou^ -« gp^y , g 
The compounds synthesised in example 4, were subjected to the 
NCI In Vitro Cytotoxicity study. The results lKm , m are set 
out below, and are illustrated in Figure 32. 



TUMOUR 
TYPE 


CELL-LINE 
DESIGNATION 


UP2005 
(161) 


UP2008 
(167) 






LC 50 ( 




Lung 


NCI-H23 




8.9 




NCI-H522 


8.7 




Colon 


HCC-2998 




8.1 


CNS 


SF-295 


8.8 






SF-539 


7.7 




Melanoma 


MALME-3M 


7.5 


6.8 




LOX IMVI 


9.2 






Ml 4 


6.2 


8.4 




SK-MEL-2 


7.6 


6.5 




SK-MEL-28 


6.5 






UACC-257 




7.1 ! 


Renal 


RXF 393 


6.8 





Two of the four C8 PBD amides, UP2005 (161) and UP2008 (167), 
demonstrated cytotoxicity (LC 50 ) in the NCI assay. UP2005 (161) 
showed selectivity for the lung, CNS, melanoma and renal cancer 
in panels. The compound was particularly active in the melanoma 
panel exhibiting cytotoxicity against 5 out of the 8 melanoma 
cell lines. UP2008 (167) revealed a slightly different profile 
being active in the lung, colon, and melanoma panels. Again the 
molecule was particularly active in the melanoma panel. 



10 



15 
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The compound synthesized in example 2(d) (SJG 

some further assays. (SJG-136. 80) underwent 

The fi rst assayi wh . ch . s descr 

Cancer Drugx> es ., 1990 , 5 24g . . " G - B - Jones < et al., ^ 
-rence, determines ^tlTer 1 ^ ^ * 
helix melting temperature of DNA This ° R the 

t e an indi — - - ~ a! s e ;:: :; desi9nea to 

of the DNA strands by the test compound a e 

stabilisation of the DNA _ - a measure of the 

The melting temperature was determined for a 1-s mol 
[UgandJfDNA], where the taU molar ratio of 

- e^eous sodium phosphai 1 7" * ™ * 

- BBTA, PH 7.00 ± 0.01,. For ZtZ + 1 

- melting temperature is . ^ ~ *? " ^ * 
30 separate determinations). ' (mean V * lue f ™» 

For a 1,5 molar ratio of [PBD] - [DNA7 h. „ 

«• helix melting temperature ^o'f cal f th ^ " ^ 
unprecedented 33. 6 o c after incuba ^ -A by „ 

Under identical conditions, the C-ril I " 

120: ° rin 9- un substituted dimer DSB- 




DSB-120 



provides a fl r. of 15. !«><;, demonstrating ^ 

of introducing C 2 , C2 • -unsatura "on In c ««« 

effect upon the GC-rich or high 



WO 00/12508 



PCT/GB99/02838 



209 

temperature regions of the DNA melting curves, m « similar 
fashion to D SB- 12 0, it provides sorae 60 _ m of ^ 
effect without prior incubation, suggesting a kinetic effect in 
the PBD reactivity profile. However, the comparative *T. curves 
show that, on a concentration basis alone, SJG-136 is * 10-fold 
more effective than DSB-120. Even at a [PBD] = [DNA] molar ratio 
of 1:100, SJG-136 still exhibits significantly better DNA 
binding affinity than the monomer tomaymycin at a 1 :5 [PBD] [DNA] 
molar ratio. 



10 



MaO 




The results for a [PBD] : [DNA] ratio nf 1 c . 

j-iuwaj ratio of 1:5 are summarised in the 

table below (All AITm values ± 0.1-0.2°C) 



15 



Compound 


induced Ar m (°c) 
after incubation at 




37°C 






for 




SJG-136 (80) 

DSB-120 

Tomamycin 


0 h 
25.7 
10.2 

0.97 " " 


4 h 
31.9 
L 13.1 
L 2.38 


18 h 
33.6 
15.1 
2.56 



The data presented in the above table show that SJG-136 (80) is 
the most potent DNA- stabilising agent known to date according to 
this particular assay. 
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The second assay determined the cytotoxicity of SJG-136 (80) in 
the human ovarian carcinoma cell line A2780 and its cisplatin- 
resistant subline A2780cisR, and compared this data with the 
cytotoxicity of the related dimer DSB-120 (see above) and 
Cisplatin. Relative to the parental line, the A2780cisR subline 
is known to have elevated GSH levels, an increased level of 
repair of DNA-cisplatin adducts, and a decreased ability to 
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uptake cisplatin <M.Smelli e , et al d_ _ 

48). * Br - J - Cancer, 1994, 70 , 

The results, which were obtained by incubatino ^ 

the compounds for 96 hours at 37°c " C6llS ^ 

nunfcer using Sulforhodamine B are' 3336881119 ^ CeU 

are P re se„ted in the table below: 



SJG-136 (80) 
DSB-120 



Cisplatin 



A2780 



0.000023 
0.0072 



0.265 



for 
A2780cis R 



a Dose of compounds required to inhibit c *n 
compared with control 9r ° Wth by 50% 

b RF is the resistance factor lie .. 

or (IC » resistant/parent) 

The IC M value for 80 in the A2780 cell lin» • 
representing a 320-fold i " 23 PM ' 

DSB-1 20 (XC - !! CrSaSe " compared to 

a reducel p^en^e ~< -~ - 

0- -0. SJG - a3 6 is jo^^r*^ A278ocisR (icm = 

Hne with a similar XC„ value ^r^" ^ ^ 
™. gi vin 3 a Kesistance Pactor of ^ T ^ 

--120 and cisplatin give ^L'^^ 
respectively, across this pair of cell UnZ s ' 
136 may have potential in the treatment T ^ ^ 

disease. treatment of cisplatin-refractory 



BasBl e 10 : ovarii rnr cJa^ma^^^ 



Assaj; 
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lines by Dr Lloyd R. Kelland's group at The Institute of Cancer 
Research, Sutton, UK. The five cell l ines investigated were 
SKOV-3. A2780/ A2 780cisR and CHl/CHlcisR (cisR denotes that the 
cell lme is resistant to cisplatin) . 
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Single viable cells were seeded in growth medium (160 M in 96- 
well microtitre plates and allowed to attach overnight. The 
PBDs were then dissolved in DMSO (to give 20 mM drug 
concentrations) immediately prior to adding to the cells in 
quadruplicate wells. The final drug concentrations in the wells 
ranged from 100 MM to 2.5 nM as follows: 100, 25, 10, 2 5 1 m 
250, 100, 25, 10, 2.5 nM (drugs were diluted in growth medium 
and then 40 ^ added to the existing well volume of 160 ^ to 
give final concentrations as above,. After 96 hours, the medium 
was removed and the remaining cells fixed by exposure to 10% 
trichloroacetic acid on ice for 30 minutes. The wells were then 
washed 3-4 times with tap water, air dried overnight and treated 
with 100 Mb of sulphorhodamine B (0.4%) dissolved in 1% acetic 
acid. Staining was allowed to continue for 10-15 minutes, then 
the wells were washed 3-4 times with 1% acetic acid, air dried 
and then added to Tris base (100 ^ of 10 mM, . Plates were then 
shaken and absorbance readings at 540 nm were determined using a 
Plate reader. By using the Quattro-Pro software package, the 
IC„ values were calculated from plots of concentration versus 
percentage absorbance (compared with 8 untreated wells, 
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(a) Compounds of Formula I 
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The most potent members of this 0 r n ,m ^ 
f b. boon* b, tbeory. the M „ tlvlt 5 

probably be ..crib* t0 the pt X thw "» 
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PBO aimer, are able to eroas-link Dm ,„„ „, ,. 
reputation a„a thee „.».„ lly ^ » ^SJ-^ 
dimer UP2053 whinv, cytotoxicity. The pbd 

""^ which possesses only endo , moa f 
Potent activity in th-« • ^saturation, exhibits 

«vicy in these ovarian cell li nes Th(s 

markedly more cytotoxic than anthramycin but not' "* 
monomers UP2089 and 2092. 33 P ° tent 38 the 

The remaining molecules of Formula t 

»oo unsaturate. tb.se ZTT 

«th Cmycl „. However , the ^Z,Z TT 

mn™ . 3 and the alcohol UP2053 are 

»~ Potent than .nthra^in wiMt t _ ^ ^ « 



Compounds of Formula II 




UP No. 
Anthramycin 
UP20Q1 (80"T 
UP2004 (70T 



UP2023 (64) 

UP2Q64 (74) 

UP2067 (172)" 

UP210Q (20TT 



A2780 
0.155 
0.000023 
0.029 



0.49 
0.15 



0.115 
<0.05 



A^780cisR 
0.16 
0.000024 
0.2 
T745 



0.36 



,0.39 
0.066 



CHI 
0.062 
0.0001 2 
0.017 



0.37 
0.066 



0.165 
<0.05 



CHlcisR 
_0.05 
0.0006 
0.082 



0.43 
0.084 



Compound UP2100 (2 07) has the sructural; formula: 



Skov 3 
0.16 
0.009 1" 
"0V3T 



16 

0.39 
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and was synthesised by the same route as compound 70. 

UP2001 (80, exhibits cytotoxicity at picomolar/sub nanomolar 
levels across the ovarian tumour cell line panel. The potency of 
the molecule is probably due to its cross-linking properties 
coupled with the effect of exo saturation. UP20 01 is markedly 
more potent than UP2053. 

The monomers UP2004 (70) and UP2100 (206) exhibit good activity 
against the ovarian tumour cell lines comparable to tjat for 
anthramycin. UP2023 (64), which possesses a 7-iodo substituent is 
significantly less active than UP2004 (70), which contains two 
alkoxy groups at the 7 and 8 positions. 



(c) 



Compounds of Formula III 







XC S9 /fM 


Compound 


A2780 


A2780cisR 


CHI 


CHlcisR 


Skov3 


UP2020 (90) 


10 


7.2 


1.7 


2.8 


1.6 


UP2021 (130) 


>100 


>100 


51 


47 


>100 


UP2022 (143) 




16.5 


14 


11 


33 


UP2024 (101) 


1.4 


1.8 


1.45 


1.25 


2.35 


UP2025 (106) 


0.064 


0.155 


0.082 


0.11 


1.7 


UP2026 (136) 


1.15 


3.7 


1.5 


1.45 


4.9 


UP2027 (138) 


0.56 


1.55 


1.35 


1.15 


1.7 


UP2029 (140) 


34.5 


32 


22.5 


14 


1.4 


UP2066 (113) 


11 


12 


3.8 


7.4 


15 


UP2068 (96) 


0.47 


0.66 


0.52 


0.42 


0.76 


UP2086 (120) 


0.84 


0.45 


1.6 


2.2 


2.5 



UP2025 is the most potent monomer with two methoxy groups 



WO 00/12508 _ 

PCT/GB99/02838 

214 

donatimg electrons to the A-rinrr k 

UP2020-2022 and UP2066) . cytotoxic (eg. 

The simple phenyl substituted PBD ( UP2 026 13*, .u 

activity in the ovarii - ' h ° WS ^romolar 

i-y j.n cne ovarian tumour cell line-? t„- ^ • 

^ ^ 5 „„ p itto 

increases cytotoxicity ,138, tae the „ " 
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A compound of the formula la or lb: 




(la) 



A— R, 




(lb) 



A— R, 



wherein: 

A is CH 3 , or a single bond; 

R, is selected from: R, OH, OR, CO,H, CO,R, COH, COR, SO,R, CN; 
R,. R, and R, are independently selected from H, R, OH, OR, halo, 
amino, NHR, nitro, Me,Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an 
aralkyl group of up to 12 carbon atoms, whereof the alkyl group 
optionally contains one or more carbon-carbon double or triple 
bonds, which may form part of a conjugated system, or an aryl group 
of up to 12 carbon atoms; and is optionally substituted by one or 
more halo, hydroxy, amino, or nitro groups, and optionally 
containing one or more hetero atoms which may form part of, or be, a 
functional group; 

and R. is selected from H, R, OH. OR, halo, amino, NHR, nitro, Me 3 Sn, 
where R is as defined above, or the compound is a dimer with each 
monomer being the same or different and being of formula la or », 
where the R, groups of the monomers form together a bridge having 
the formula -X-R'-x- linking the monomers, where R- is an alkylene 
chain containing from 3 to 12 carbon atoms, which chain may be 
interrupted by one or more hetero-atoros and/or aromatic rings and 
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may contain one or more carbon-carbon double or triple bonds, and 
each X is independently selected from 0, S, or N; or R, and R, 
together form a group -0-)CH 3 ) p -o-, where p is 1 or 2; 
except that in a compound of formula la when A is a single bond, 
then R, is not CH=CH(C0NH 2 ) or CH=CH(CONMe,) . 

2. A compound of formula la according to claim 1, with the 
proviso that when A is a single bond, then R, is not CH=CR*R., where 
R* and R. are independently selected from H, *, C OR°, CONH,, CONHR', 
CONRV cyano or phosphonate, where R« is an unsubstituted alkyl 
group having 1 to 4 carbon atoms. 

3. A compound according to either claim 1 or claim 2, wherein A 
is CH,. 



4. A compound according to claim 3, wherein R s is CO,H, CO,R, 
CHjOH, or CH,OR. 



5. A compound according to claim 4, wherein R, is C 0j Me, CO^Bu, 
CH,0H, or CH 3 OAc. 



6. A compound according to claim 1 or claim 3, wherein A is a 
single bond, and R, is an aryl group, or an alkyl or alkaryl group 
which contains at least one double bond which forms part of a 
conjugated system with the double bond of the C-ring. 



7 



A compound according to any one of the preceding claims 
wherein R,. R 7 and R, and, unless the compound is a dimer, R, are 
independently selected from H and OR. 



WO 00/12508 PCT/GB99/02838 

217 

8. A compound according to claim 7, wherein R,, r, and r, and< 
unless the compound is a dimer, R, are independently selected from H. 
OMe and OCH,Ph. 

9. A compound according to claim 7, wherein R, and, unless the 
compound is a dimer, R, are OR, and R, and R, are H. 

10. A compound according to claim 9, wherein R, and, unless the 
compound is a dimer, R. are independently either OMe or OCH,Ph. 

11. A compound according to any one of the preceding claims of 
formula la. 

12. A compound according to any one of the preceding claims which 
is a dimer, wherein the dimer bridge is of the formula -0- <CH 3 )„-0-, 
where p is from 1 to 12. 

13 . A compound of formula II : 




(H) 



wherein : 

R', is selected from: O, CHR'„ where R« 3 is selected from H, R, C0 a R, 
COR, CHO, CO,H, halo; 

R«, R, and R, are independently selected from H, R, OH, OR, halo, 
amino, NHR, nitro, Me 3 Sn; 
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where R is a lower alky! grou p having 1 t0 10 carbon ^ or ^ 
aralkyl group of up to 12 carbon atoms, whereof the al ky l group 
optionally contains one or more carbon-carbon double or triple 
bonds, which may form part of a conjugated system, or an aryl group 
of up to 12 carbon atoms; and is optionally substituted by one or 
more halo, hydroxy, amino, or nitro groups, and optionally 
containing one or more hetero atoms which may from part of, or be, a 
functional group; 

and R. is selected from H, R, OH, OR, halo, amino, NHR, nitro, Me.Sn, 
where R is as defined above or the compound is a dimer with each 
monomer being the same or different and being of formula XX, whe re 
the R, groups of the monomers form together a bridge having the 
formula -x-R'-x- linking the monomers, where R' is an alkylene chain 
containing from 3 to 12 carbon atoms, which chain may be interrupted 
by one or more hetero-atoms and/or aromatic rings and may contain 
one or more carbon-carbon double or triple bonds, and each X is 
independently selected from O, S, or N; or R, and R. together form a 
group -0-)CH a ) p -0- ( where p is 1 or 2; 
except that: 

(i) when R< a is CH-Et, and R,, R. and R, are H, R, is not 
sibirosamine pyranoside; and 

(ii) when R<, is CH-Me , and R. and R, are H, R, and R. are not 
both H or both OMe, or OMe and OH respectively. 



14. A compound according to claim 13, wherein R', is 0, CH, or 
CHCHj. 
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15. A compound according to either claim 13 or claim 14, wherein 
R«, R, and R, and, unless the compound is a dimer, R, are 
independently selected from H, OR or a halogen atom. 

16. A compound according to claim 15, wherein R,, R, and R, and, 
unless the compound is a dimer, R, are independently selected from 
H, OMe and OCH,Ph, and I. 

17. A compound according to claim 15, wherein R, and, unless the 
compound is a dimer, R 8 are independently OR or a halogen atom and R, 
and R, are H. 

18. A compound according to claim 17, wherein R, and, unless the 
compound is a dimer, R. are independently selected from OMe, OCH,Ph 
or I. 



19. A compound according to any one of claims 13 to 18 which is a 
dimer, wherein the dimer bridge is of the formula -0- (CH,)„-0-, where 
p is from 1 to 12 . 

20. A compound of the formula III: 




R. © 

wherein: 

R«, R 7 and R, are independently selected from H, R, OH, OR, halo, 
amino, NHR, nitro, Me,Sn; 
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wh,r. . i. . lower ukyl „„ up havlng l ^ ^ ^ ^ ^ ^ 

5 ro„p o £ up to u c „ bon aMm3i wheteof ^ ^ 

owionau, cont.ip, on. or .ore e,rbo„-c.rbo„ ^ „ ^ 
bonos. * my £ora p« t 0£ . „„ jugated ^ ^ ^ ^ 
of up C o U e.rboo ato „ S! u optioMUy substiwtea ^ ^ ^ 
«>r. talc. hydro*,, ^ „ „ u „ ^ ^ optionaiiy 

functional group; 

- * is eeieeteo £t „ „. R . 0H , 0R , ^ ^ KHR, „ itro . ^ 

*« . 1= « a, £i „eo ^ „ the compouna u a ^ ^ h 

•ooo.er beinc rhe s » a or ana ^ o£ ^ ^ 

the R, s ro„ PS of the .ono.ers £oc , t09 „ her , ^ ^ ^ 

■ i -'"- X - "" U "» — — • »' i« . ,l k yre»e oh.io 
»«»ini„ 9 £ ro. , to u catbon ^ ^ ^ ^ 

by one or .ore hetero-ato.s ,„a/or .romatic rino, „a m 

UAU rin gs and may contain 

one or more carbon-carbon double or triple bonds, and each X is 

independently selected from 0, S, or N- or * r> 

or N, or R, and R, together form a 

group -0-)CH 2 ) p -o-, where p is 1 or 2; 

wherein at least one of p * d * * 

one or r^, and R, are not H; 

except that: 

(i) when R, and R, are H, R, and R, are not both 0Me , OMe and 
OBn respectively, or OMe and OH respectively; 

(ii) when R, and R, are H, R. and R, are not Me and OH 
respectively; 

(iii) when three of R r p =„,a *> 

ee or Rf, R,, R, and R, are H, the other is not 

Me; 

(iv) when r,, r,, and R, are H. r, is not 0Me . 

(v) when R,, r, and R, are H, R, ia not 0Me . ^ 
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(vi) when r., and R, are H and R 7 is OMe, the compound is not a 

dimer . 



21. A compound according to claim 20, wherein only one of R„ r„ r, 
and R, is H. 

22. A compound according to claim 21, wherein those of R,, r,, r, 
and, unless the compound is a dimer, R, which are not H are OR. 

23. A compound according to claim 22, wherein those of R,, r,, r, 
and, unless the compound is a dimer, R a which are not H are selected 
from OMe, and OBn. 

24. A compound according to either claim 20 or claim 21, wherein 
at least one of R,, R,, r, and R, is a dimer, is NH,. 

25. A compound according to claim 20, claim 21 or claim 24, 
wherein at least one of R,, R,, r, and R, is an aryl group, preferably 
of up to 12 carbon atoms, which is optionally substituted by one or 
more halo, hydroxy, amino, or nitro groups, and optionally contains 
one or more hetero atoms which may from part of, or be, a functional 
group. 

26. A compound according to claim 25, wherein at least one of R,, 
R,, R. and R,, is a phenyl group, optionally substituted by one or 
more methoxy, ethoxy or nitro groups. 

27. A compound according to claim 26, wherein at least one of R,, 
R,, R. and R,, is selected from: Ph, p-MeO-Ph, m-NO,-Ph and p-NO,-Ph. 
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28. A compound according to any one of claims 20 to 27 where the 
compound is a dimer, wherein the dimer bridge is of the formula -0- 
(CH 2 ) p -0-, where p is from 1 to 12 . 

29. A compound of formula IV; 




(IV) 



wherein : 

R., R, and R, are independently selected from H, R, 0 H, OR, halo, 
amino, NHR, nitro, Me 3 Sn; 

where R is a lower alkyl group having 1 to 10 carbon atoms, or an 
aralkyl group of up to 12 carbon atoms, whereof the alkyl group 
optionally contains one or more carbon-carbon double or triple 
bonds, which may form part of a conjugated system, or an aryl group 
of up to 12 carbon atoms; and is optionally substituted by one or 
more halo, hydroxy, amino, or nitro groups, and optionally 
containing one or more hetero atoms which may form part of, or be, a 
functional groupi- 
ng and R." are either independently selected from H, R or together 
form a cyclic amine; and 
n is from 1 to 7 . 



30. A compound according to claim 29, wherein one of R<, and R", i 
a nitrogen protecting group. 
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31. A compound according to either claim 29 or 30, wherein R, is an 
electron withdrawing group. 



32. A compound according to any one of claims 29 to 31, wherein R 6 
and R, are selected from H and OR. 

33. A compound according to claim 32, wherein R 6 and R, are 
selected from OMe, OEt and OBn. 

34. A compound according to any one of claims 30 to 33, wherein n 
is 1 to 3. 

35. A compound according to any one of the preceding claims 
wherein R is selected from a lower alkyl group having 1 to 10 carbon 
atoms, or an aralkyl group of up to 12 carbon atoms, or an aryl 
group of up to 12 carbon atoms, optionally substituted by one or 
more halo, hydroxy, amino, or nitro groups. 

36. A compound according to claim 35, wherein R is selected from a 
lower alkyl group having 1 to 10 carbon atoms optionally substituted 
by one or more halo, hydroxy, amino, or nitro groups. 

37. A compound according to claim 36, wherein R is an 
unsubstituted straight or branched chain alkyl having 1 to 10 carbon 
atoms. 



38. The use of a compound according to any one of the preceding 
claims in a method of therapy. 
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39. A pharmaceutical comDo<?in^ « . . 

composition comprising a compound according 
to any one of claims 1 to 37 .n^ a u 

to 37 and a pharmaceutical^ acceptable 

carrier or diluent. 

«. Th. USe « , cotW)und acoort . nsi to ^ ^ ^ ^ ^ ^ ^ 
- pr W , mtlamm £or ^ tre>tenc ^ ^ g ^ ^ 

«■ ^ „ se 0£ „ COT50una ^ ^ ^ ^ ^ i ^ ^ 

to prep.re . ««« £ „ the tre , ement Qf , vlta ^ Mrasiti(: ^ 
bacterial infection. 

42. A process for preparing a compound according to any one of 
claims 1 to 37. 

43. The use of a compound according to any one of clai ms 1 to 37 
for the preparation of a .edica.ent for the treatment of cisplatin- 
refactory disease. 

«• A rathod ot ilAlbitlns ^ M ^ clsplat . n . re£act(>rY 

»hic COTOIi „ s treating „ ld cells -th ^ 

to any one of claims 1 to 37. 

45. a method according to claim 44 wherein 

wnerein said compound is SJG- 

136 1, 1 ■ . [ [ (Propane-1, 3-diyl> dioxyjbis [ (UaS) -7-methoxy-2- 
methylidene-1 ,2,3, lla-tetrahydro-SH-pyrrolo [2,1- 
c] [l,4]benzodiazepin-5-one] . 
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Figure 3 
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Figure 4 
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Figure 6a 
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Figure 6b 
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Figure 8 
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Figure 9 



SUBSTITUTE SHEET (RULE 26) 



WO 00/12508 



PCT/GB99/02838 



11/32 




80(SJG-136,UP2001) 



Figure 10 
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Figure 12a 
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Figure 12b 



SUBSTITUTE SHEET (RULE 26) 



WO 00/12508 



PCT/GB99/02838 




Figure 13 
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Figure 14 
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Figure 17 
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Figure 19 
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Figure 20 
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Figure 24 
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Figure 23 
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Figure 24 
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Figure 27 
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Figure 28 
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